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Two outbreaks of hemorrhagic colitis, a newly recognized syndrome character-
ized by bloody diarrhea, severe abdominal pain, and little or no fever, occurred in
1982. No previously recognized pathogens were recovered from stool specimens
from persons in either outbreak. However, a rare E. coli serotype, 0157:H7, was
isolated from 9 of 20 cases and from no controls. It was also recovered from a
meat patty from the implicated lot eaten by persons in one outbreak. No recovery
of this organism was made from stools collected 7 or more days after onset of
illness; whereas 9 of 12 culture-positive stools had been collected within 4 days of
onset of illness. The isolate was not invasive or toxigenic by standard tests, and all
strains has a unique biotype. Plasmid profile analysis indicates that all outbreak-
associated E. coli 0157:H7 isolates are closely related. These results suggest that
E. coli 0157:H7 was the causative agent of illness in the two outbreaks.

Hemorrhagic colitis is a newly recognized
syndrome characterized by severe crampy ab-
dominal pains, watery diarrhea followed by
grossly bloody diarrhea and little or no fever.
Two outbreaks of hemorrhagic colitis that af-
fected at least 47 people occurred in Oregon in
February and March 1982 and in Michigan in
May and June 1982 (26). The epidemiological
investigation associated illness with eating ham-
burger sandwiches at outlets of the same fast
food chain in both outbreaks. A rare E. coli
serotype was identified as the cause of this
unusual illness. This report describes the labora-
tory investigation of specimens from persons in
both outbreaks and the identification of a previ-
ously unrecognized enteric pathogen that causes
illness by yet undefined mechanisms.

MATERIALS AND METHODS

Stool specimens from cases were analyzed at local
hospital laboratories and State health department labo-
ratories of Oregon and Michigan for Salmonella ssp.,
Shigella ssp., Campylobacter ssp., ova, and parasites.
In Oregon the local laboratories examined specimens
for Yersinia enterocolitica as well. Additionally, speci-
mens were collected from some of the cases and
healthy control persons in both Oregon and Michigan
for analysis at the Centers for Disease Control (CDC)
laboratories. In Oregon, stool specimens were also
collected from 45 patients who were seen at local
hospital emergency rooms for diarrheal diseases.
Specimens analyzed at the CDC laboratories were

examined for the following organisms: Salmonella
ssp., Shigella ssp., Escherichia coli, Klebsiella ssp.,
Y. enterocolitica, Campylobacter ssp., Vibrio ssp.,
Staphylococcus aureus, Bacillus ssp., anaerobic bac-
teria including Clostridium difficile, and viruses. Meth-
ods used by the CDC laboratories for detection of
these organisms were as follows. Stool specimens
were maintained frozen at -70°C from the time of
collection until examination. For selective enrichment
of Salmonella ssp., stool specimens were inoculated
into a tube of tetrathionate brilliant green broth. The
tetrathionate brilliant green broth was incubated for 24
h at 37°C, and 1 ml was subcultured to a second tube of
tetrathionate brilliant green broth. It was incubated for
24 h at 42°C and streaked to brilliant green agar. The
brilliant green agar was incubated for 24 h at 37°C. If
present, three colonies characteristic of Salmonella
ssp. were selected from each plate and subcultured to
triple sugar iron (TSI) and lysine-iron agar. Cultures
typical of Salmonella ssp. were identified and sero-
typed by previously described methods (6). MacCon-
key agar and xylose-lysine-desoxycollate agar were
directly inoculated with stool for the recovery of
Shigella ssp. The plates were incubated for 24 h at
37°C, and three colonies suspected of being Shigella
spp. were selected. Colonies were subcultured to TSI
agar, and typical cultures were identified and sero-
typed (6). The MacConkey agar plate was also used to
isolate E. coli and other organisms that grow on this
medium. E. coli isolates were identified and serotyped
by previously described methods (6, 12). In addition to
typical E. coli and Klebsiella, 5 to 10 random isolates
were identified from each MacConkey plate (6). To
examine for Y. enterocolitica, specimens were inocu-
lated to Salmonella-Shigella and MacConkey agar
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plates, which were incubated at 22°C for 48 h before
examination. The stool specimen was also examined
by cold enrichment in phosphate-buffered saline and
held at 4°C for 3 weeks, at which time the suspension
was inoculated to Salmonella-Shigella and MacCon-
key agar. Three colonies characteristic of Y. enteroco-
litica were selected from each plate and inoculated to
TSI agar. Typical cultures were biochemically identi-
fied (23). Thiosulfate-citrate-bile salt-sucrose agar was
inoculated for the recovery of vibrios. Agar plates
were incubated for 24 h at 37°C, and three sucrose-
negative and three sucrose-positive colonies, if pre-
sent, were selected and subcultured to TSI agar.
Colonies typical of Vibrio parahaemolyticus or V.
cholerae were biochemically and serologically exam-
ined (34). For the recovery of Staphylococcus aureus,
both mannitol-salt agar and 5% sheep-blood agar were
inoculated. The mannitol-salt agar was incubated for
48 h at 37°C, and the blood agar was incubated for 24 h
at 37°C. Three colonies typical of S. aureus were
selected from each plate and biochemically identified
(15). For Campylobacter fetus subspecies fetus, Skir-
row's selective medium (31) was used. The plates were
incubated at 37°C under microaerophilic conditions
(5% oxygen) and were examined at 24, 48, and 72 h for
colonies resembling Campylobacter ssp. For C. jejuni,
both Skirrow's and Campy-BAP agar (3) were used
and incubated microaerophilically at 42°C. Both plates
were examined at 24, 48, and 72 h for Campylobacter
ssp.-like colonies. Colonies that were positive for
oxidase and had typical morphology and motility on
wet mounts were considered presumptively positive
and were biochemically confirmed (14). Specimens
were examined for anaerobic bacteria by the Anaero-
bic Bacteria Branch, Hospital Infections Program,
CDC, and included examination for Clostridium diffi-
cile and C. difficile toxins (5, 12a). Bacillus spp. were
identified from rabbit or sheep blood agar plates and
incubated at 37°C for 24 h (10). MacConkey-carbenicil-
lin-adonitol (MCA) agar was also inoculated for selec-
tive enrichment of Klebsiella spp. MCA agar was
incubated for 24 h at 37°C, and colonies resembling
Klebsiella spp. were biochemically and serologically
examined (6). The Gastroenteritis Laboratory Branch,
Division of Hepatitis and Viral Enteritis, CDC, exam-
ined specimens for viruses by electron microscopy and
immunoelectron microscopy by using patients' conva-
lescent sera (13). Specimens were also examined for
viruses by culture in Rhesus monkey and human
fibroblast tissue cells by the Respiratory and Enterovi-
rus Branch, Division of Viral Diseases, CDC (20).

Environmental studies. Food items including a
cooked complete specialty hamburger, a frozen raw
hamburger patty, and dehydrated onions were collect-
ed from the implicated restaurants during the out-
breaks in Oregon and Michigan. A raw hamburger
patty from the same lot of meat as that implicated in
the Michigan outbreak had been held at the processing
plant as part of a quality control program. It was also
collected for examination. Foods were examined for
E. coli 0157:H7. A 10-g sample was suspended in 90
ml of physiological saline and blended. A 0.1-ml
sample was subcultured to duplicate plates of Mac-
Conkey agar. Tenfold dilutions were made in physio-
logical saline and similarly subcultured to MacConkey
agar plates. All plates were incubated for 24 h at 37°C.
The plates were counted, and all lactose-positive colo-

nies were selected and identified.
Antimicrobial susceptibility testing. All E. coli

0157:H7, Klebsiella oxytoca, and B. pumilus strains
were tested for antimicrobial susceptibility by the
modified Kirby and Bauer method (1) to the following
antibiotics: nitrofurantoin, chloramphenicol, amika-
cin, trimethoprim-sulfamethoxazole, cephalothin, tet-
racycline, gentamicin, nalidixic acid, ampicillin, colis-
tin, carbenicillin, kanamycin, cephaloridine,
neomycin, streptomycin, sulfathiazole, tobramycin,
and rifampin. The antimicrobial agents tested were
selected for their usefulness as epidemiological mark-
ers.

Plasmid isolation and analysis. All strains of E. coli
0157:H7 were screened for the presence of plasmid
DNA by a modification of the alkaline denaturation
procedure of Birnboim and Doly (2). Further purifica-
tion of plasmid DNA for enzyme digestion procedures
was accomplished by the addition of RNase, extrac-
tion with phenol-chloroform, and a second precipita-
tion with 2 volumes of cold ethanol. The restriction
endonuclease HindIII was obtained from Bethesda
Research Laboratories, Inc., Gaithersburg, Md., and
enzymatic reactions were performed according to the
manufacturer's instructions.

Plasmid DNA preparations were examined by verti-
cal agarose gel electrophoresis (21). This method used
3-mm thick, 0.8% agarose gels and a buffer (89 mM
Tris base, 2.5 mM disodium EDTA, 89 mM boric acid)
run at 35 mA for 2 to 2.5 h. Gels were then stained with
ethidium bromide, visualized by UV transillumination,
and photographed.

Plasmid sizes were determined by reference to plas-
mids of known molecular weight included in each gel.
These control plasmids consisted of Ri (62 megadal-
tons [Mdal]), RP4 (36 Mdal), S-a (23 Mdal), two
plasmids from 2457 0 sr, an avirulent derivative of
Shigellaflexneri provided by Dennis Kopecko, Walter
Reed Army Institute of Research, Washington, D.C.
(105 and 140 Mdal), and eight plasmids from the E. coli
strain V517 for small-molecular-weight plasmids that
are described in detail elsewhere (18).

Pathogenicity tests. All colonies of Enterobac-
teriaceae from MacConkey, MCA, or blood agar were
tested for enterotoxin production and invasiveness.
For enterotoxin analyses, isolates were subcultured
onto blood agar base slants for 18 h and then were
inoculated into 5 ml of Trypticase soy broth (BBL
Microbiology Systems, Cockeysville, Md.) with 0.6%
yeast extract in screw-capped tubes. These were incu-
bated overnight at 37°C on a roller drum (model TC-7;
New Brunswick Scientific Co., New Brunswick, N.J.)
rotating at 20 rpm. The broth cultures were centrifuged
at 3,500 x g for 30 min, and the supernatants were
filtered through 0.45-p.m disposable filter units (Millex
SLHA 0250S). The filtrates were then assayed for
heat-labile enterotoxin by the Yl adrenal cell test (27)
and for heat-stable enterotoxin by the infant mouse
assay (4). For the infant mouse assay, an intestinal/re-
maining carcass weight ratio of 0.083 or greater was
considered positive (24). Isolates were also tested for
heat-labile enterotoxin by a four-layer sandwich en-
zyme-linked immunosorbent assay (35) and the rabbit
skin permeability test (20). In addition, genes for both
heat-labile and heat-stable enterotoxins were assayed
for by hybridization with genetic probes as described
in detail elsewhere (25).

VOL. 18, 1983



TABLE 1. Results of examination of frozen stools, Oregon, 1982
E.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.oli

Sample 0E57Hc7 K. oxytoca Y. enterocolitica B. pumilus C. difficile

Cases
1 - - - + +
2 - + -

3 - + + +
4 + - -
5 + - -
6 + - Not done

Controls
1 - - -__
2 - - -__
3 - - -__
4 - - -__
5 - - -__
6 - - -__
7 - -- +_
8 - - -__
9 - - -__
10 - -- --
a No growth on selective media; patient was taking antibiotics.

Isolates were tested for invasiveness by the Sereny
test (30), by the HeLa cell assay (16), and by plasmid
analysis for the presence of the 140-Mdal plasmid
previously shown to be associated with invasiveness
(11).
A strain of E. coli 0157:H7 implicated as the patho-

genic agent in this outbreak was tested for attachment
to ileal brush border membranes of human origin by
Michael Doyle of the Food Research Institute, Univer-
sity of Wisconsin (19). All E. coli 0157:H7 strains
were tested for colonization factor antigen (CFA/I) by
mannose-resistant hemagglutination of human group A
erythrocytes and for CFA/II by mannose-resistant
hemagglutination of bovine erythocytes (7).

RESULTS

All specimens examined at State and local
laboratories in Oregon and Michigan were nega-

tive for Salmonella spp., Shigella spp., Cam-
pylobacter spp., ova, and parasites, and all
specimens examined in Oregon were negative
for Y. enterocolitica. Specimens from 6 cases

and 10 neighborhood age-matched controls from
Oregon were examined at the CDC laboratories
(Table 1). We listed only those organisms isolat-
ed that are either recognized pathogens such as

Y. enterocolitica or those that were recovered
from three or more cases from either the Oregon
or the Michigan outbreak. In Oregon, E. coli
0157:H7 was recovered from three of the six
cases and from no controls (P = 0.036, Fisher's
exact test, two tailed). No other organism was

isolated from more than two patients. Case no. 1
was being treated with an antimicrobial agent to
which this organism was susceptible. There was

no growth on any selective medium inoculated
with this patient's specimen, except for Bacillus

pumilus, which was recovered only on blood
agar. Klebsiella oxytoca was recovered from
two of the six patients and from none of the
controls by our laboratory (P > 0.10, Fisher's
exact test, two tailed), but it was recovered from
one of the controls by the Oregon State Labora-
tory before we received the specimens. K. oxy-
toca strains isolated from the two patients were

TABLE 2. Isolates from MacConkey, MCA, and
blood agar, Oregon, 1982

Sample 0157 H7 not 0157 K. oxytoca K. pneumoniae

Cases

2 - - 3/3b -
3 - - 5/5 -

4 3/5 2/5 - -
5 4/5 1/5 - -
6 5/5 - - -

Controls
1 - 3/5 - 2/5
2 - 5/5 - -
3 - 5/5 - -

4 - 5/5 - -
5 - - _ _
6 - - _ _
7 - - _ _
8 - 5/5 - -
9 - 5/5 - -
10 - - _ _

a No growth on selective media; patient was taking
antibiotics.

b Number of colonies identified as this species/total
number of colonies identified from MacConkey agar.
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TABLE 3. Results of examination of frozen stools,
Michigan, 1982

Sample E.57oli K. oxytoca S. aureus B. pumilus

Casesa
1 + + _ _
2 + - _ _
3 + + _ _
4 + - + _
5 + - _ _
6 - - Not done -

7 - - Not done -

8 - - Not done -

9 - - Not done -

10 + - Not done -

11 - - Not done +
12 - + Not done +
13 - - Not done +
14 - - Not done -

Controls
1 - - Not done -

2 - - Not done -

3 - - Not done -

4 - - Not done -

a Samples from cases 1 through 5 were received on
11 June 1982; those for cases 6 through 14 were
received on 24 June 1982.

different serotypes and had different plasmid
profiles. B. pumilus was recovered from two
cases and from one control. The two B. pumilus
strains recovered from the cases had different
antimicrobial susceptibility patterns and plasmid
profiles. Y. enterocolitica was recovered from
one of the cases by the cold enrichment tech-
nique, but not from the plate inoculated directly
with the specimen. Clostridium difficile was
recovered from one patient, but tests for C.
difficile toxin were negative. An additional E.
coli 0157:H7 isolate was identified from Oregon
by screening isolates sent to CDC from the
Oregon State Laboratory. Specimens from 45
patients who were seen at local emergency
rooms for diarrheal diseases were also screened
for E. coli 0157:H7 and K. oxytoca to determine
their prevalence in patients with diarrhea in that
geographic area. E. coli 0157:H7 was not isolat-
ed from any of the 45 patients. K. oxytoca,
however, was recovered from two patients.
The identification of five colonies from Mac-

Conkey agar plates on the individual specimens
from Oregon is shown in Table 2. In cases 4
through 6, E. coli 0157:H7 was the predominant
organism. In cases 2 and 3, K. oxytoca was the
predominant organism, but strains from the two
patients were different serotypes. Strains of E.
coli other than serogroup 0157 were the pre-
dominant organisms in controls.
The results of examination of specimens from

the Michigan outbreak are shown in Table 3. E.
coli 0157:H7 was recovered from all five cases

in the first set of specimens collected soon after
onset of illness and received at CDC on June 11
and from one of nine cases from specimens
collected much later after onset of illness and
received on June 24. K. oxytoca was recovered
from two of five cases in the first set of speci-
mens and one case in the second set. S. aureus

was recovered from one case in the first set and
B. pumilus from three cases in the second set.
As with specimens from the Oregon outbreak,
the K. oxytoca strains were different serotypes
and had different plasmid profiles, and B. pumi-
lus strains had two different antimicrobial sus-

ceptibility patterns and different plasmid pro-

files.
The results of identification of colonies from

MacConkey agar and from MCA or blood agar

(or both) are shown in Table 4. E. coli 0157:H7
was the predominant organism in three of the six
cases from which this organism was recovered.
It was recovered only from the blood agar from
patient no. 3. E. coli other than serogroup 0157
was most frequently the predominant organism
in the second set of specimens.
The intervals between onset of illness and

date of stool collection were markedly different

TABLE 4. Isolates from MacConkey, MCA, and
blood agar, Michigan, 1982

Sample E. coli Enotli K. oxy- K. pneu- C. freun-
0157:H7 0157 toca moniae dii

Casesa
1 115b - 4/5 _ -

2 2/5 - - - 3/5
3 2/3c 1/5 1/5 3/5 -
4 4/5 1/5 - - -
5 5/5 - - - -
6 - 5/5 - - -

7 - 5/5 - - -
8 - 5/5 - - -
9 - 5/5 - - -

10 4/4 - - - -
11 - - - - -

12 - 5/5 2/3d 1'3d -
13 - - -

14 - 5/5 - - -

Controls
1 - - - 3/3e
2 - - - 5/5 -

3 - - - _ _
4 - 5/5 - - -

a Receipt dates as in Table 3.
b Number of colonies identified as this species/total

number of colonies identified from MacConkey's agar.
c Isolated from blood agar for this one specimen.
d Isolated from MCA agar.
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FIG. 1. Hemorrhagic colitis cases, by interval between onset of illness and date of stool collection in Oregon,
February and March 1982, and Michigan, May and June 1982.

for cases from whom E. coli 0157:H7 was and
was not recovered (Fig. 1). E. coli 0157:H7 was
isolated from 9 of 12 stools collected within 4
days after onset of illness compared with none of
7 stools collected 7 or more days after onset of
illness (P = 0.003, Fisher's exact test, two
tailed). For patients not treated with antibiotics,
the organism was recovered from seven of eight
stools collected within 4 days after onset com-
pared with none of seven stools collected 7 or
more days after onset (P = 0.001, Fisher's exact
test, two tailed).

E. coli 0157:H7 was not recovered from food
items collected from the implicated restaurants
in Oregon and Michigan. It was recovered,
however, from a raw hamburger patty from the
same lot as that used at the Michigan outlets
during the outbreak period. It was present at a
level of 50 organisms per g.

All isolates tested failed to produce LT or ST,
were negative with gene probes for these toxins,
and were not invasive. All of the E. coli
0157:H7 strains tested were CFA/I negative and
CFA/II negative by mannose-resistant hemag-
glutination. The single strain of E. c oli 0157:H7
tested did not attach to human ileal brush border
membranes. All of the E. coli 0157:H7 and K.
oxytoca strains were susceptible to the antimi-
crobial agents tested.

Biochemical reactions of the E. coli 0157:H7
strains are shown in Table 5. The reactions are
typical of E. coli, with the exception of sorbitol
fermentation. The organism does not ferment
sorbitol; whereas 93% of E. coli of human origin
are sorbitol positive (6). This organism is also
nonhemolytic on sheep and rabbit blood agar.
To determine the frequency of isolation of E.

coli 0157:H7, E. coli serotyping records of the
U.S. Department of Agriculture Animal Labora-

tories at Ames, Iowa, the Pennsylvania State
University Veterinary Research Laboratory,
and the CDC Enteric Reference Laboratories
were reviewed to search for previous isolates of
E. coli 0157:H7. The Ames, Iowa, laboratory
and the Pennsylvania State Laboratory reported
no previous identification of E. coli 0157:H7
from animal sources in the United States. The
CDC Enteric Reference Laboratories had de-
tected only 1 strain of E. coli 0157:H7 from
among over 3,000 E. coli isolates serotyped
since 1973 when this service was initiated. It was
recovered from a patient in California in 1975
with a bloody diarrhea syndrome similar to that
described in the Oregon and Michigan out-
breaks.
The plasmid profiles of E. coli 0157:H7

strains recovered from patients in the Oregon
and Michigan outbreaks are identical (Fig. 2).
They both contain a larger plasmid which is
approximately 72 Mdal and a smaller one which
is less than 1 Mdal. All of the outbreak-associat-
ed isolates, including the isolate from the ham-
burger, contained those same plasmids. The
profile of the isolate recovered from the sporadic
case in 1975 is similar to the outbreak-associated
strains, but contains one additional plasmid that
is 6 Mdal. Plasmid profiles of the six E. coli 0157
isolates belonging to H groups other than H7
were different from the E. coli 0157:H7 profiles.
Agarose gel electrophoresis of purified plas-

mid DNA and lambda phage DNA (standard)
that have been digested by the restriction endo-
nuclease HindIII is shown in Fig. 3. All Oregon
outbreak strains have an HindIll digest pattern
composed of 13 fragments. The Michigan strains
have a 12-fragment digest. This difference has
been reproducible and stable in all of the strains
obtained from each state.

J. CLIN. MICROBIOL.



RARE E. COLI SEROTYPE IN HEMORRHAGIC COLITIS 517

TABLE 5. Biochemical reactions of E. coli
0157:H7 strains, Michigan and Oregon, 1982

Test Reactiona

Indole ................................ +
Methyl red.............................. +
Voges-Proskauer ........................ -

Simmon citrate .......................... -

H2S (TSI)...............................
Urease ................................ -
Phenylalanine deaminase ....... .......... -
Lysine decarboxylase ......... ........... +
Arginine dihydrolase .......... ........... +2 -4
Ornithine decarboxylase.................. +
Motility ................................ +
Gelatin 22°C ............................ -
KCN (growth)........................... -

Malonate ............................... -
D-Glucose .............................. +
Gas from glucose ........................ +
Lactose ................................ +
Sucrose ................................ +
D-Mannitol.............................. +
Dulcitol ................................ +
Salicin.Slcn.................................-
Adonitol ................................ -
L-Inositol.
D-Sorbitol.
L-Arabinose............................. +
Raffinose ............................... +
L-Rhamnose ............................ +
Maltose ................................ +
D-XylOse ............................... +
Trehalose............................... +
Cellobiose .............................. -
a-CH3 glucoside ......................... -

Erythritol ............................... -
Esculin ................................ -
Melibiose ............................... +
D-Arabitol.
Glycerol ................................ -
Mucate ................................ +
Tartrate (Jordan) ............. ........... +
Sodium acetate ................ .......... +
Lipase (corn oil)......................... -

Nitrate nitrite........................... +
Oxidase ................................ -
Christensen citrate ............ ........... +3 -4

a +, Positive in 1 or 2 days; -, negative after 7 days;
+2 -4, = positive after 2 to 4 days.

DISCUSSION
Two outbreaks of a clinically distinct diarrheal

illness, referred to as hemorrhagic colitis, led to
epidemiological and laboratory investigations,
which identified a rare serotype of E. coli,
0157:H7, as the probable cause of the illness
(26). This E. coli serotype has not been previ-
ously recognized as an enteric pathogen. Spo-
radic cases of bloody diarrheal illness with clini-
cal manifestations similar to those seen in
hemorrhagic colitis have been reported from
Japan (28) and the United States (32). Although

various possible etiologies have been suggested,
no recognized pathogens have been identified; in
the above studies the specimens examined were
not compared with appropriate controls. The
two outbreaks provided an opportunity to exam-
ine a relatively large number offreshly collected
stool specimens from cases and controls with no
illness and with other forms of diarrhea. These
fresh specimens were extensively evaluated for
common and uncommon microorganisms on
routine and special media. Other possible vehi-
cles of transmission identified by epidemiologi-
cal investigations were examined for the pres-
ence of these organisms.
The distinguishing features of hemorrhagic

colitis led to a more rigorous search for unusual
or hypothesized causes of this syndrome. Other
organisms, such as K. oxytoca and B. pumilus,
were isolated and were each initially viewed as
possible causative agents. K. oxytoca has previ-
ously been suggested as an agent in an antibiot-
ic-associated bloody diarrheal disease in Japan
(33). It did not appear, however, that either of
these organisms was the etiological agent in the
two outbreaks. K. oxytoca and B. pumilus were
both recovered from ill patients in Michigan and
Oregon, but both were recovered from a healthy
control. K. oxytoca was also recovered from
two patients with nonbloody diarrhea in Oregon.
Also, K. oxytoca and B. pumilus organisms
recovered from patients in both outbreaks were
different strains.
We identified a single recognized pathogen in

no more than one patient from each outbreak. C.
difficile was recovered from one patient in Ore-
gon, but the stool specimen did not contain C.
difficile toxin. Y. enterocolitica was also recov-

,~~'I' @. r f G HS

FIG 2 Agarose gel electrophoresis of plasmid DNA
from E. coli strains of serogroup 0157: A, 0157:H7
isolated in Oregon B 0157:H7 isolated in Michigan;
C, molecular weight standards (not including V517);
D, 0157:H45; E, 0157:H45; F, 0157:H45; G,
0157:H45; H, 0157:H38.
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FIG. 3. Agarose gel electrophoresis of plasmid DNA
after digestion with the restriction endonuclease Hin-
dlll. Lanes: A, 0157:H7 isolated in Oregon; B,
0157:H7 isolated in Michigan; C, 0157:H7 isolated
from hamburger in Michigan; D, 0157:H7 isolated in
Calfomia in 1975; E, lambda phage DNA.

ered from one patient in Oregon. It was not
recovered on direct plating, however, possibly
indicating that the organism was present in small
numbers.
Based on the epidemic investigations and the

following laboratory data, E. coli 0157:H7 was
the likely etiological agent of hemorrhagic coli-
tis. (i) The organism was isolated from 9 of 20
cases and from no controls. (ii) No recovery of
this organism was made from stools collected 7
or more days after onset of illness, whereas 9 of
12 culture-positive stools had been collected
within 4 days of onset of illness. This is consist-
ent with other known enteric infections, such as
shigellosis, where the organism appears to be
rapidly cleared from the gut. It also underlines
the necessity for prompt collection of stool
specimens. (iii) Plasmid profile analysis indicat-
ed that all outbreak-associated and sporadic E.
coli 0157:H7 isolates were closely related. The
Oregon and Michigan isolates could be distin-
guished by plasmid DNA restriction patterns.
However, the one fragment difference probably
represents a clonal variant of an otherwise ho-
mogenous serotype. The profile of the sporadic
isolate recovered in 1975 suggested that it is the
epidemic strain that has acquired a plasmid or
that the epidemic isolates have lost a plasmid.
From our results, it is not clear how E. coli

0157:H7 causes diarrhea. Preliminary animal
studies have indicated that it is pathogenic for
infant rabbits, but its pathogenic mechanism is
unknown (9). E. coli strains that cause diarrhea
are usually divided into three groups, enterotox-

igenic, enteroinvasive, and enteropathogenic.
The primary mechanism by which enterotox-
igenic and enteroinvasive strains cause diarrhea
is known. These pathogenic groups are generally
limited to a small number of E. coli serotypes.
Enteroinvasive E. coli causes disease by direct
invasion of intestinal mucosa. Enteroinvasive E.
coli causes a bloody diarrhea which is indistin-
guishable from shigellosis clinically, and often
resembles Shigella spp. in many phenotypic
characteristics. These organisms are frequently
nonmotile, non-gas producers like Shigella spp.
and often share common somatic antigens with
Shigella spp. E. coli 0157:H7 is not one of the
enteroinvasive serotypes and in our studies was
negative in tests used to detect invasiveness.
The enterotoxigenic E. coli causes disease by
the production of heat-labile or heat-stable en-
terotoxin. These E. coli organisms cause chol-
era-like or watery diarrhea. E. coli 0157:H7 is
not among the serotypes previously reported to
have been associated with enterotoxigenic E.
coli causing disease in humans or animals. Addi-
tionally, it did not produce heat-labile or heat-
stable toxins by several well-established tests or
contain genes coding for these toxins.

Enteropathogenic E. coli strains have been
epidemiologically associated with a nonbloody
diarrhea occurring in children under the age of 2
years. However, enteropathogenic E. coli
strains can cause natural adult disease (29) and
has caused watery diarrhea in adult volunteers
(17). E. coli 0157:H7 is not one of the traditional
enteropathogenic E. coli serotypes and appears
to cause a distinctly different clinical picture.
Our investigation did elucidate two similarities
between E. coli 0157:H7 and enteropathogenic
E. coli strains. Serotyping E. coli isolates was
essential to the eventual identification of an
organism epidemiologically associated with out-
breaks of hemorrhagic colitis. Second, as early
as 1952, Rappaport and Henig described a sorbi-
tol-base MacConkey agar to differentiate sorbi-
tol-negative enteropathogenic E. coli strains (8).
We also found sorbitol to be a useful strain
marker for E. coli 0157:H7. All E. coli 0157:H7
isolates recovered from persons associated with
the two outbreaks failed to ferment sorbitol
within 7 days. However, some isolates subse-
quently examined from sporadic cases have fer-
mented sorbitol as early as 4 days. For labora-
tories that cannot serotype E. coli, screening for
sorbitol fermentation is a valuable and simple
tool to be employed before they send isolates to
a reference laboratory for serotyping.

In conclusion, this laboratory investigation
identified a rare E. coli serotype, 0157:H7, as
the most likely cause of the unusual illness in
two outbreaks. The pathogenic mechanism of E.
coli 0157:H7 is presently unknown. Based on
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our past experience with other E. coli strains,
we may expect to identify other serotypes asso-
ciated with this illness. This organism may be
the prototype of a group of E. coli strains which
produce disease by a previously undescribed
mechanism.

ACKNOWLEDGMENTS
We acknowledge Cheryl Bopp, Nancy Puhr, Janice Haney,

Timothy Barrett, Charlotte Patton, Geraldine Carter, Kris
Birkness, George Lombard, Otto Nunez-Montiel, Robert
Weaver, and Dannie Hollis for laboratory assistance with the
bacteriological processing of specimens; Milford Hatch,
George Marchetti, and William Gary for laboratory assistance
in examining specimens for viral agents; Susanne Wahlquist
and George Healy for laboratory assistance in examination of
specimens for parasitic agents; and Mitchell Cohen, Paul
Blake, Steven Helgerson, and Harry McGee for suggestions
and advice. We also thank Karla Quackenbush of the Oregon
State Public Health Laboratory, LeAnn Bartley of the Rogue
Valley Memorial Hospital, Medford, Oreg., and Susan Hribl-
jan of the Munson Medical Center, Traverse City, Mich., for
laboratory assistance with processing of primary specimens.

LITERATURE CITED

1. Barry, A. L., and C. Thornsberry. 1980. Susceptibility
testing: diffusion test procedures, p. 463-474. In E. H.
Lennette, A. Balows, W. J. Hausler, Jr., and J. P. Truant
(ed.), Manual of clinical microbiology, 3rd ed. American
Society for Microbiology, Washington, D.C.

2. Birnboin, H. C., and J. Doly. 1979. A rapid alkaline
extraction procedure for screening recombinant plasmid
DNA. Nucleic Acids Res. 7:1513-1523.

3. Blaser, M. J., I. D. Berkowitz, F. M. LaForce, J. Cravens,
L. B. Reller, and W.-L. L. Wang. 1979. Campylobacter
enteritis: clinical and epidemiologic features. Ann. Intern.
Med. 91:179-185.

4. Dean, A. G., Y. Ching, R. G. Williams, and L. B. Harden.
1972. Test for Escherichia coli enterotoxin using infant
mice: application in a study of diarrhea in children in
Honolulu. J. Infect. Dis. 125:407-411.

5. Dowell, V. R., Jr. 1981. Anaerobes in the clinical labora-
tory, p. 23-35. In Les Anaerobies Microbiologie-Patholo-
gie, Symposium International, Masson, New York.

6. Edwards, P. R., and W. H. Ewing. 1972. Indentification of
Enterobacteriaceae, 3rd ed. Burgess Publishing Co., Min-
neapolis.

7. Evans, D. G., and D. J. Evans, Jr. 1978. New surface-
associated heat-labile colonization factor antigen (CFA/II)
produced by enterotoxigenic Escherichia coli of sero-
groups 06 and 08. Infect. Immun. 21:638-647.

8. Ewing, W. H., and P. R. Edwards. 1954. Isolation and
preliminary identification of Escherichia coli serotypes
associated with cases of diarrhea of the newborn. Public
Health Lab. 12:75-81.

9. Farmer, J. J., HI, M. E. Potter, L. W. Riley, T. J. Bar-
rett, P. A. Blake, C. A. Bopp, M. L. Cohen, A. Kaufmann,
G. K. Morris, R. S. Remis, B. M. Thomason, and J. G.
Wells. 1983. Animal models to study Escherichia coli
0157:H7 isolated from patients with haemorrhagic colitis.
Lancet 1:702.

10. Feeley, J. C., and C. M. Patton. 1980. Bacillus, p. 145-
149. In E. H. Lennette, A. Balows, W. J. Hausler, Jr.,
and J. P. Truant (ed.), Manual of clinical microbiology,
3rd ed. American Society for Microbiology, Washington,
D.C.

11. Harris, J. R., I. K. Wachsmuth, B. R. Davis, and M. L.
Cohen. 1982. High-molecular-weight plasmid correlates
with Escherichia coli enteroinvasiveness. Infect. Immun.
37:1295-1298.

12. Hickman, F. W., and J. J. Farmer III. 1978. Salmonella
typhi identification, antibiograms, serology and bacteri-

ophage typing. Am. J. Med. Technol. 44:1149-1159.
12a.Jarvis, W., 0. Nunez-Montiel, F. Thompson, V. Dowell,

M. Towns, G. Morris, and E. Hill. 1983. Comparison of
bacterial isolation, cytotoxicity assay, and counterimmu-
noelectrophoresis for detecting Clostridium difficile or its
toxin. J. Infect. Dis. 147:778.

13. Kapikian, A. Z., R. H. Yolken, H. B. Greenberg, R. G.
Wyatt, A. R. Kalica, R. M. Chanock, and H. W. Kim.
1979. Gastroenteritis viruses, p. 927-995. In E. H. Len-
nette and N. J. Schmidt (ed.), Diagnostic procedures for
viral, rickettsial, and chlamydial infections, 5th ed. Amer-
ican Public Health Association, Washington, D.C.

14. Kaplan, R. L. 1980. Campylobacter, p. 235-241. In E. H.
Lennette, A. Balows, W. J. Hausler, Jr., and J. P. Truant
(ed.), Manual of clinical microbiology, 3rd ed. American
Society for Microbiology, Washington, D.C.

15. Kloos, W. E., and P. B. Smith. 1980. Staphylococci, p.
83-87. In E. H. Lennette, A. Balows, W. J. Hausler, Jr.,
and J. P. Truant (ed.), Manual of clinical microbiology,
3rd ed. American Society for Microbiology, Washington,
D.C.

16. Labrec, E. H., H. Schneider, T. J. Magnani, and S. B.
Formal. 1964. Epithelial cell penetration as an essential
step in the pathogenesis of bacillary dysentry. J. Bacteri-
ol. 88:1503-1518.

17. Levine, M. M., D. R. Nalin, R. B. Hornick, E. J. Berg-
quist, D. H. Waterman, C. R. Young, S. Sotman, and B.
Rowe. 1978. Escherichia coli strains that cause diarrhoea
but do not produce heat-labile or heat-stable enterotoxins
and are non-invasive. Lancet ii:1119-1122.

18. Macring, F. L., D. J. Kopecko, K. R. Jones, D. J. Ayers,
and S. M. McCowen. 1978. A multiple plasmid-containing
Escherichia coli strain: convenient source of size refer-
ence plasmid molecules. Plasmid 1:417-420.

19. Malathi, P., H. Preiser, P. Fairclough, P. Mallett, and
R. K. Crane. 1979. A rapid method for the isolation of
kidney brush border membranes. Biochim. Biophys. Acta
554:259-263.

20. Melnick, J. L., H. A. Wenner, and C. A. Phillips. 1979.
Enteroviruses, p. 471-534. In E. H. Lennette and N. J.
Schmidt (ed.), Diagnostic procedures for viral, rickettsial
and chlamydial infections, 5th ed. American Public Health
Association, Washington, D.C.

21. Meyers, J. A., D. Sanchez, L. P. Ewell, and S. Falkow.
1976. A simple agarose gel electrophoretic method for the
identification and characterization of plasmid deoxyribo-
nucleic acid. J. Bacteriol. 127:1529-1537.

22. Moon, H. W., and S. C. Whipp. 1971. Systems for testing
the enteropathogenicity of Escherichia coli. Ann. N.Y.
Acad. Sci. 176:197-211.

23. Morris, G. K., J. C. Feeley, W. T. Martin, and J. G.
Wells. 1977. Isolation and identification of Yersinia en-
terocolitica. Public Health Lab. 35:217-232.

24. Morris, G. K., M. H. Merson, D. A. Sack, J. G. Wells,
W. T. Martin, W. E. DeWitt, J. C. Feeley, R. B. Sack,
and D. M. Bessudo. 1976. Laboratory investigation of
diarrhea in travelers to Mexico: evaluation of methods for
detecting enterotoxigenic Escherichia coli. J. Clin. Micro-
biol. 3:486-495.

25. Moseley, S. L., P. Escheverria, J. Seriwatana, C. Tirapat,
W. Chalcumpa, T. Sakuldaipeara, and S. Falkow. 1982.
Identification of enterotoxigenic Escherichia coli by colo-
ny hybridization from using three enterotoxin gene
probes. J. Infect. Dis. 145:836-869.

26. Riley, L. W., R. S. Remis, S. D. Helgerson, H. B. McGee,
J. G. Wells, B. R. Davis, R. J. Hebert, H. M. Olcott,
L. M. Johnson, N. T. Hargrett, P. A. Blake, and M. L.
Cohen. 1983. Hemorrhagic colitis associated with a rare
Escherichia coli serotype. N. Engi. J. Med. 308:681-685.

27. Sack, D. A., and R. B. Sack. 1975. Test for enterotox-
igenic Escherichia coli using YI adrenal cells in minicul-
ture. Infect. Immun. 11:334-336.

28. Sakurai, Y., H. Tsuchiya, and F. Ikegani. 1979. Acute
right-sided hemorrhagic colitis associated with oral ad-
ministration of ampicillin. Dig. Dis. Sci. 24:910-915.

VOL. 18, 1983



520 WELLS ET AL.

29. Schroeder, S. A., J. R. Caldwell, T. M. Vernon, P. C.
White, S. I. Granger, and J. V. Bennett. 1968. A water-
borne outbreak of gastroenteritis in adults associated with
Escherichia coli. Lancet i:737-740.

30. Sereny, B. 1955. Experimental Shigella keratoconjunctivi-
tis. Acta Microbiol. Acad. Sci. Hung. 2:293-296.

31. Skirrow, M. B. 1977. Campylobacter enteritis: a "new"
disease. Br. Med. J. 2:9-11.

32. Toffler, R. B., E. G. Pirgond, and M. I. Burrell. 1978.
Acute colitis related to penicillin and penicillin deriva-
tives. Lancet ii:707-709.

J. CLIN. MICROBIOL.

33. Totani, T. 1978. Acute hemorrhagic enteritis by Klebsiella
oxytoca. Nihon-Rinsho 36:1308-1309. (In Japanese.)

34. Wachsmuth, I. K., G. K. Morris, and J. C. Feeley. 1980.
Vibrio, p. 226-234. In E. H. Lennette, A. Balows, W. J.
Hausler, Jr., and J. P. Truant (ed.), Manual of clinical
microbiology, 3rd ed. American Society for Microbiology,
Washington, D.C.

35. Yolken, R. H., H. B. Greenberg, M. H. Merson, R. B.
Sack, and A. Z. Kapikian. 1977. Enzyme-linked immuno-
sorbent assay for detection of Escherichia coli heat-labile
enterotoxin. J. Clin. Microbiol. 6:439-444.


