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Enterohemorrhagic Escherichia coli (EHEC) cause hemorrhagic colitis and hemolytic
uremic syndrome (HUS), make potent cytotoxins (Verotoxins [VT] or Shiga-like toxins),
and possess a plasmid ("-'60 megadaltons) that encodes a new fimbrial antigen and pro
motes attachment to epithelial cells. Weevaluated the use of a DNA probe, prepared from
a 3.4-kilobase segment of the EHEC plasmid, to detect EHEC. The probe hybridized
with 106 (99070) of 107 0157:H7 and 34 (77%) of 44 026:H11, VT-positive strains from
patients with colitis, HUS, and 'diarrheal disease and hybridized with 21 (81%) of 26 VT
positive E. coli of serotypes other than 0157:H7 or 026:H11 from patients with hemor
rhagic colitis and HUS. Weexamined 601 other strains, including 18serotype 026 isolates
of H types other than H11, 306 enteropathogenic E. coli, 60 enteroinvasive E. coli, 119
enterotoxigenic E. coli, and 20 isolates from the urinary tract and 77 isolates from the
normal intestinal flora; only one (0127:H-) was positive (specificity, 99.8%). Serotype
026:H11, previously considered a classic enteropathogenic E. coli serotype, is now shown
to be EHEC.

In 1982 in the United States an outbreak of hemor
rhagic colitis involving several states drew attention
to an unusual clinical syndrome of diarrheal disease
and a new bacterial enteric pathogen [1]; the causa
tive organism, Escherichia coli 0157:H7, was a sero
type not previously recognized as a cause of diar
rhealdisease in humans. The clinical syndrome was
notable in that bloody but copious diarrhea, unac
companied by fecal leukocytes, was seen in afebrile
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patients [1]; these features distinguish it from clas
sic dysentery due to Shigella or enteroinvasive E. coli
(EIEC), which are characterized by high fever, tox
emia, and scanty stools of blood and mucus con
taining many fecal leukocytes [2, 3]. There has also
been a strong incrimination of 0157:H7 as a cause
of hemolytic uremic syndrome (HUS) [4-11]. Sero
type 0157:H7 has emerged as an enteric pathogen
of public health importance in Canada and the
United States, and there have been multiple reports
of outbreaks of hemorrhagic colitis, HUS, and di
arrhea in nursing homes, day care centers, schools,
and communities [1, 4-16].

Strains (0157:H7) from persons with hemorrhagic
colitis and HUS have been shown to elaborate phage
encoded potent cytotoxins active on HeLa and Vero
cells [16-23]. One of these toxins, so-called Shiga
like toxin 1 or Verotoxin 1 (VT1) [17-23], is appar
ently identical to the potent cytotoxin/neu
rotoxin/enterotoxin produced by Shigella dysenter
iae 1 (Shiga toxin) [24, 25] and reacts with and is
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neutralized by antibody to Shiga toxin [17, 20, 22,
23]. Many strains also elaborate a second potent
cytotoxin (Shiga-like toxin 2 or Verotoxin 2 [VT2])
that is not neutralized by antibody to Shiga toxin
[19, 20, 22].

These strains (0157:H7) also possess an 1"\.160
megadalton (MDa) plasmid that plays a role in vir
ulence [26, 28]. Recently, it has been shown that this
plasmid encodes the production of a novel variety
of fimbriae that appears to mediate attachment to
intestinal-derived epithelial cells in tissue culture [28].

Several animal models have been developed that
demonstrate the pathological features of 0157:H7
infection [29-34]. Using electron microscopy, inves
tigators found that bacteria attached to effaced en
terocytes, destroyed the microvilli, and caused a le
sion resembling that due to classic serotype
enteropathogenicE. coli (EPEC) [35, 36]. Neverthe
less, in gnotobiotic piglets, the two types of infec
tion (EHEC [enterohemorrhagic E. call] versus
EPEC) can be differentiated by the anatomic site of
involvement, severity of lesions, and degree of poly
morphonuclear cell infiltration. EPEC involve the
entire intestine of piglets; EHEC involve only the ce
cum and colon. EPEC lesions are generally less se
vere; and some infiltration by leukocytes is seen with
EPEC, but not with EHEC, infection [33, 36].

The term EHEC was coined [37] to refer to strains
such as 0157:H7 that manifest the above-mentioned
clinical, epidemiological, and pathogenetic features.
Until recently, it has been difficult to undertake
studies of the epidemiology of EHEC infections,
other than outbreak investigations, because of the
lack of suitable methods available to screen large
numbers of stool cultures for 0157:H7 strains and
because of the lack of knowledge regarding what
other serotypes may also be enterohemorrhagic and
how to identify them as well. One serotype in par
ticular, 026:Hll, was suspected to commonly con
tain EHEC strains. Isolates of 026:Hll are usually
abundant producers of VT [38-42], possess a plas
mid (1"\.160 MDa) [40, 43-45], do not hybridize with
the EPEC adherence factor (EAF) gene probe [46],
and sometimes are associated with bloody diarrhea.
Recognizing the importance of plasmids in encod
ing critical virulence properties in EPEC [46-49],
EIEC [50], and enterotoxigenic E. coli (ETEC) [51)
and the usefulness of diagnostic DNA probes pre
pared from these plasmids [46, 52-57], we under
took preliminary studies to compare the 1"\.160 MDa
plasmids of 0157:H7 and 026:Hll strains, on the

Levine et of.

hypothesis that the latter are also EHEC. These pre
liminary studies showed homology among the plas
mids and led to the development of a sensitive and
specific DNA probe to identify EHEC.

Materials and Methods

Bacterialstrains. The E. coli strains used in these
studies are summarized in table 1. They were ob
tained from the reference collections of the Labora
tory Center for Disease Control, Ottawa, Canada;
the Centers for Disease Control, Atlanta; the Cen
ter for Vaccine Development, Baltimore; and the
Universitats-Krankenhaus, Hamburg, Federal Re
public of Germany. The following strains were used
in this study: 107 0157:H7 VT+ (Verotoxin-positive)
and one 0157:H7 VT- (Verotoxin-negative); 44
026:Hll (mostly VT+)and 18026 of other H types;
161 "classical" serotype EPEC possessing the EAF
plasmid (class 1 strains) [46] and 146 EAF-negative
strains (mostly class 2) [46] of classic serotypes; 60
EIEC [57]; 119 ETEC of various serotypes, toxin
types, and colonization factor fimbriae types [58-61];
20 isolates from the urinary tract; and 77 strains of
normal flora isolated from stool cultures from
healthy individuals. In addition, we tested 10 VT+
strains of E. coli of serotypes other than 0157:Hll
or 026:Hll from patients with hemorrhagic colitis
and 16 VT+strains of E. coli of serotypes other than
0157:H7 from patients with HUS.

The cytotoxicity of isolates for Vero cells was de
termined as previously described [8, 41]. The assays
used culture supernatants and thereby detected only
high-level producers of these cytotoxins. DNA
probes were used to confirm ETEC (human heat
labile toxin [LTh] and porcine [STp] and human
[STh] heat-stable toxin probes). EAF-positive EPEC
(EAF probe), and EIEC (EIEC probes) by using pre
viously published methods from the Baltimore lab
oratory [46, 55, 57].

Initial study of plasmid homology. Plasmid
DNA of 10 VT+026:Hll strains and two 0157:Hll
strains was removed by using the alkaline extraction
method of Birnboim and Doly [62], electrophoresed
in agarose as previously described [46, 49], and ana
lyzed for the presence of plasmids. The plasmid
DNA from the 10 VT+026:Hll strains was digested
with HindlII (Bethesda Research Laboratories,
Gaithersburg, MD), and the fragments were sepa
rated by agarose gel electrophoresis and transferred
to nitrocellulose paper for Southern blot analysis.
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The single, N60-MDa plasmids of 0157:H7 strains
933 (from the 1982 outbreak of hemorrhagic colitis
in the United States) and 85-1128 (a Canadian iso
late) were extracted [62] and purified by CsCl-ethi
dium bromide density gradient ultracentrifugation.
Under stringent conditions, the whole, purified
0157:H7 plasmid was labeled in vitro with a_32p_
dATP (New England Nuclear, Boston, Mass) and
hybridized to plasmid DNA fragments from the
026:H11 strains, as previously described [46, 49, 55].

Preparing and evaluating DNA probes. Plasmid
DNA extracted from prototype 0157:H7 strain 933
was digested with HindIII, and the resultant frag
ments were evaluated as potential DNA probes. The
isolated fragments were labeled in vitro with 32pand
hybridized to 779 different E. coli isolates under
stringent conditions by using the colony hybridiza
tion technique as previously described [46, 52, 53].
The E. coli strains were tested under code.

Initial evaluation ofthe EHECprobe in Santiago,
Chile. Once the initial standardization of the
EHEC probe showed it to be acceptably sensitiveand
specific, a pilot project was carried out to assess its
usefulness in a field study. During 1985 and 1986,
infants and young children with diarrheal disease
who were visiting the La Faena Health Center or ad
mitted to the Calvo Mackenna Children's Hospital
in Santiago, Chile had stool cultures plated onto
MacConkey's agar [63]; age-matched children with
out diarrhea who were visiting the healthy baby clinic
served as controls, and their stools weresimilarly cul
tured. At least two (usually three) E. coli colonies
from each child were subcultured and saved; the colo
nies were blotted onto six separate nitrocellulose
filters, each of which was hybridized with the EHEC,
EPEC (EAF), EIEC, LTh, STh, or STp probes as
previously described.

Results

Demonstrating relatedness of 0157:H7 and
026:Hll plasmids. Plasmid analysis of the 10
026:Hll strains revealed that all had at least one
plasmid in the range of 55-75 MDa, similar in size
to the plasmids found in the two 0157:H7 strains
that were concomitantly examined. All 026:H11
strains also possessed plasmids <10 MDa in size,and
three of 10possessed a second plasmid in the 55-75
MDa size range (e.g., lane H, figure 1). Analysis of
restriction endonuclease digestions of these plasmids
suggested that several fragments were conserved

177
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Figure 1. Whole plasmid and restriction endonuclease
fragment profiles of E. coli strains isolated from patients
with hemorrhagic colitis and HUS. All strains except 85
1006(lane A) were positive with the EHEC CVD 419probe.
Plasmid DNA was digested with HindIII (lanes A, c: E,
0, 1, K, M); other lanes show undigested DNA. Individual
isolates are discussed in the text. Lanes are labeled as fol
lows: A, 85-1006 (0157:H7); B, and C, 85-170 (0157:H7);
D and E, 85-1714(0157:H7); F and 0, 81-526 (026:Hll);
H and I, 86-277 (026:Hll); J and K, 81-634 (026:Hll);
Land M, 85-605 (Ol11:H8).

among the various strains. Southern blot analysis
of the 0157:H7 and 026:H11 plasmids by using la
beled whole plasmid DNA from 0157:H7 strains 933
or 85-1128 as probes indicated that significant ho
mology existed among the plasmids. Figure 2 shows
that although some divergence in the sizes of homol
ogous restriction fragments was seen, a high degree
of sequence conservation was found among these
plasmids.

Initial selection ofprobe. Having shown that the
55-75-MDa plasmids of representative 026:Hll and
0157:H7 strains were related, we then evaluated
DNA fragments from the prototype 933 strain for
use as possible DNA probes to detect homologous
EHEC plasmid gene sequences in various E. coli.
In preliminary experiments, four HindIII segments
of 14.6 kilobases (kb), 7.0 kb, 3.4 kb, and 3.2 kb of
the plasmid of 0157:H7 strain 933 were evaluated
as probes against four 0157:H7, seven 026:Hll
strains, and a series of eight ETEC, nine EPEC, four
EIEC, and one strain from the normal intestinal
flora. Although all candidate probes detected the
0157:H7 and 026:Hll strains, the 3.4-kb segment
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Figure 2. Autoradiograph showing DNA homology be
tween plasmids isolated from 0157:H7 and 026:H11 strains
ofE. coli. Plasmid DNA was extracted from each isolate,
digested with HindIII, and transferred to nitrocellulose
paper for Southern blot analysis. Samples were hybrid
ized to labeled plasmid DNA from E. coli 0157:H7 strain
85-1128. Lanes are labeled as follows: a, 84-1719 (026:H11);
b, 85-526 (026:H11); c, 85-747 (026:H11); d, 81-634
(026:H11); e, 85-998 (OI57:H7);.f. 85-1003(OI57:H7); and
s. 85-1128 (OI57:H7).

was the most specific and gave no reactions with
colony blots of the negative control strains. This frag
ment was cloned into pBR325, and the resulting plas
mid was designated pCVD419. The isolated 3.4-kb
HindIII fragment, EHECprobe CVD 419, was used
in all further studies.

Sensitivity and specificity ofEHEC probe CVD
419. Results with EHEC probe CVD 419 are sum
marized in table 1.The probe correctly detected 106
of 107 VT+ 0157:H7 strains (99070 sensitivity) and
34 of 44 VT+026:Hll strains (77070 sensitivity). In
contrast, E. coli 026 of other H types, all co
incidentally VT-, were negative with the probe.

Levine et al.

The specificity of the test, which is very impor
tant in determining its usefulness in large-scale epi
demiological studies, was remarkable. As seen in ta
ble 1, of the 584 EPEC, ETEC, EIEC, isolates from
the urinary tract, and strains from the normal intes
tinal flora, only one EAF-positive, 0127:H- EPEe
strain from Israel was positive with the EHEC probe
CVD 419; thus, the probe had a specificity of 99.8070.
Notably, the probe-negative strains included a highly
VT+ 0146:H21 isolated from a healthy control sub
ject during an outbreak of hemorrhagic colitis in
Michigan (1].

Useofprobe in VT'" E. coli ofserotypes other than
0157:H7 or 026:Hll. Ten isolates from patients
with hemorrhagic colitis and 16 isolates from pa
tients with HUS of serotypes other than 0157:H7
or 026:Hll were available for testing, all of which
were VT+. The EHEC CVD 419 probe was positive
in 10(100070) of 10of the hemorrhagic colitis strains
and in 11 (69070) of 16 of the HUS strains (table 1).
The probe-positive strains included six of serogroup
0111, a traditional EPEC serogroup. None of these
strains, however, were positive with the EAF probe
for EPEC, and analysis of their H types showedthem
to be H8 or nonmotile; 0111:H8 is not an EPEC O:H
serotype according to Ewing et al. [64]. The other
probe-positive strains from colitis cases were04:NM,
045:H2, 0121:HI9, 0125:NM, 0145:NM, and 0 un
typable:NM; the other serotypes among the HUS iso
lates were05:NM, 091:H21, 0103:H2, 0113:K75:H2,
0121:HI9, 0125:NM, 0145:NM, and one untypable
strain. From patients with HUS, the probe-negative
strains were serotypes 01:Kl:H7, 02:Kl:H7, 06:HI,
0114:"K90":H48, and 0126:"K71":H8, and from a
patient with colitis, they were serotype 050:H7.

Further plasmidanalysis. After the initial screen
ing with the EHEC CVD 419 probe, a variety of
probe-positive and probe-negative strains were fur
ther analyzed. Theone 0157:H7 strain out of 107
tested that failed to hybridize with the EHEC probe
was extracted for plasmid content and analyzed for
restriction endonuclease pattern. Although the plas
mid in this strain contained several fragments in com
mon with probe-positive strains, this plasmid clearly
lacked several fragments, which accounts for its lack
of homology with the probe (figure I, lane A). As
shown above, DNA hybridization studies demon
strated a high degree of sequence conservation
among plasmids isolated from two 0157:H7 and 10
026:Hll strains. These observations were extended
by examining the restriction endonuclease patterns
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Table 1. Rate of positivity of various categories of E. coli hybridized with the CVD 419 DNA probe for EHEC.

Class or serotype of E. coli Source of strains No. of strains No. probe-positive (070)

0157:H7, VP Hemorrhagic colitis & HUS 107 106 (99.1)
026:Hll, VT+ Bloody diarrhea and gastroenteritis 44 34 (77)

04, OS, 045, 050, 0111,
0121, 0125, all VT+ Hemorrhagic colitis* 10 10 (100)

01, 02, 05, 06, 091,
0103, 0111, 0113,
0114, 0125, all VT+ HUS 16 11 (69)

026: other H types
(8, 25, 32, 33) Gastroenteritis 18 o (0)

0157:H7, VT- Laboratory derivative 1 1 (0)
Enteropathogenic

EAP+ Infant diarrhea 161 1 (0.6)
EAP- 146 0(0)

Enteroinvasive Diarrhea & dysentery 60 o (0)
Enterotoxigenic Infant diarrhea & travelers' diarrhea 119 o (0)
Normal intestinal flora & Stool cultures of healthy persons or

urinary tract isolates women with urinary tract infections 97 0(0)

NOTE. EAF+ = with EPEC addherence factor, EAP- = without EPEC adherence factor.
* One strain (05:NM) is from a calf with hemorrhagic colitis.

of plasmids extracted from 580157:H7 and 41probe
positive E. coli isolates of other O:H serotypes (in
cluding 026:Hll, 05, 091, 0103, 0111, 0121, and
0127; figure 2). A notable similarity in restriction
patterns was observed, and hybridization with the
EHEC probe showed a highly conserved 3.4 kb Hin
dIll fragment in 39 of 41 non-OI57:H7 strains and
all 0157:H7 strains examined (data not shown).
Some slight differences in total plasmid patterns were
discernible in the 58 0157:H7 strains examined.
Notably, the restriction patterns of probe-negative
026:Hll plasmids were clearly different from the
patterns seen in probe-positive 026:Hll plasmids.

EHEC probe in children with diarrhea in
Chile. E. coli strains systematically collected from
infants and young children in Santiago who had di
arrheal disease or from age-matched controls who
did not have diarrhea were tested with DNA probes
to identify EPEC, ETEC, EIEC, or EHEC. One
EHEC isolate, serotype 026:Hll, was detected from
an infant with diarrhea.

EPEC (EAF probe positive) wereby far the most
frequent category of pathogen detected, and the
difference in rate of isolation between cases (43
[27010] of 154)and controls (5 [8010] of 66) was highly
significant (P = .(02). The use of the battery of
DNA probes proved to be a practical, sensitive, and
rapid method for identifying the categories of diar
rheagenic E coli in a pilot epidemiological study and
will be reported in detail elsewhere.

Discussion

Enterohemorrhagic E. coli are now recognized as im
portant causes of hemorrhagic colitis and HUS. Un
til now, studies of these unusual pathogens have been
confined to advanced, industrialized countries. It is
appropriate and intriguing to ponder with what fre
qency these pathogens might be causing endemic di
arrhea in children and adults in developing coun
tries. Until now, the initiation of large-scale
epidemiological studies ofEHEC has been impeded
by the lack of a suitable method for screening large
numbers of E. coli colonies. In this initial evalua
tion, the EHEC CVD 419 probe appears to be a
highly sensitive and extremely specific method for
identifying 0157:H7 strains and a good method for
identifying 026:Hll and other serotype strains from
patients with hemorrhagic colitis (table 1).

Since their incrimination as a cause of infant di
arrhea in the early 1950s, 026:Hll strains were clas
sified as EPEC, and their importance was noted by
Ewing et ale [64] and Taylor [65] as one of the most
common EPEC serotypes. Nataro et ale [46] devel
oped a DNA probe to detect the presence of the EAF
plasmid associated with many EPEC strains. Results
of the use of this probe have shown that most EPEC
strains within the main 0 serogroups described by
Ewing et ale [64]and Taylor [65], including 055, 086,
0111,0119,0127, and 0128, have 55-65-MDa plas
mids that hybridize with the EAF probe ([46] and
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authors' unpublished data). In contrast, we have now
shown that although 026:H11 strains also have an
rv60-MDa plasmid, they are never EAF positive.
Combining this observation with the fact that
026:H11 strains elaborate VT and are often as
sociated with bloody diarrhea, we hypothesized that
026:H11 may be related to the newly described
EHEC class of diarrheagenic E. coli pathogens, of
which 0157:H7 is the prototype. The DNA hybrid
ization results and restriction pattern analysis of the
0157:H7 and 026:H11 plasmids reported here con
firm this hypothesis.

The EHEC CVD 419probe hybridized with 10 of
10 VT+isolates of serotypes other than 0157:H7 or
026:H11 from patients with hemorrhagic colitis and
with 11 of 16VT+E. coli isolates from stool cultures
from patients with HUS. Notably, among these were
six 0111 strains. These strains were negative with the
EAF probe, and some were of H types not recog
nized as EPEC. Thus, within the 0111 serogroup,
both EPEC and EHEC pathogens exist, usually of
different O:H serotypes. One probe-positive isolate
(05:NM) listed in table 1 is from a calf with hemor
rhagic colitis and supports the contention that cat
tle may serve as a reservoir of these pathogens [66].

The VT+, probe-negative isolates from patients
with HUS may represent strains from the normal in
testinal flora that acquired the phage that encodes
VTl or VT2, whereas other, presumably probe
positive, isolates were actually responsible for initi
ating illness. This implies that EHEC, like other di
arrheagenic categories ofE. coli, must possess adhe
sive as well as toxigenic virulence properties to be
fully pathogenic. Nevertheless, it is of interest that
among the probe-negative strains were two isolates
bearing Kl polysaccharide, a well-recognized E. coli
virulence factor often present in isolates from bac
teremia and neonatal meningitis [67,68]. It is there
fore conceivable that these Kl-bearing strains are in
deed pathogenic but that the potent toxins believed
to be responsible for initiating HUS are delivered by
mechanisms not involving the 60-MDa EHEC fim
brial plasmid that is detected by our probe.

Hemorrhagic colitis and HUS caused by EHEC
are presently well-recognized public health problems
in North America, but it is also now appreciated that
0157:H7 causes mild, nonbloody diarrhea, as well
as the more-prominent clinical syndromes. These ob
serations prompted us to use the probe in a prelimi
nary study attempting to quantitate the relative fre
quency of EHEC as a cause of diarrhea in infants

Levine et al.

and young children in a developing country, Chile.
In this initial survey, confined to young children in
one geographic area, EHEC were found to be an un
common cause of diarrhea. The usefulness of the
EHEC CVD 419 probe for field studies was, how
ever, proved, and the usefulness of the other DNA
probes werereconfirmed. Therefore, westrongly urge
that further, more-extensive studies be undertaken
with the CVD 419 probe to identify EHEC in other
age-groups and geographic areas, perhaps initially
focusing on patients with bloody diarrhea; in this
manner it will be possible to more precisely define
the relative importance of this pathogen. It would
be ideal to combine the use of the EHEC CVD 419
probe with phage-derived probes that detect Shiga
like toxin 1 and 2 [19].

References

1. Riley LW, Remis RS, Helgerson SD, McOee HB, Wells JO,
Davis BR, Hebert RJ, Olcott ES, Johnson LM, Hargrett
NT, Blake PA, Cohen ML. Hemorrhagic colitisassociated
with a rare Escherichia coli serotype. N Engl J Med
1983;308:681-5

2. DuPont HL, Formal SB, Hornick RB, Snyder MJ, Libonati
JP, Sheahan DO, LaBree EH, Kalas JP. Pathogenesis of
Escherichia coli diarrhea. N Engl J Med 1971;285:1-9

3. LevineMM. Shigella and Salmonella diarrhoeal disease. Trop
ical Doctor 1979;9:4-9

4. Karmali MA, Steele Bf, Petrie M, Lim C. Sporadic cases of
haemolytic-uraemic syndrome associated with faecal
cytotoxin and cytotoxin-producing Escherichia coli in
stools. Lancet 1983;1:619-20

5. PHLS Communicable Disease Surveillance Centre. Haemo
lytic-uremic syndrome. Communicable Disease Report
1983;36:1

6. Centers for Disease Control. Hemolytic-uremic syndrome as
sociated with Escherichia coli 0157:H7 enteric infections
United States, 1984. MMWR 1985;34:20-1

7. Karmali MA, Petrie M, Lim C, Heming PC, SteeieBT~ ESch
erichia coli cytotoxin, haemolytic-uraemic syndrome, and
haemorrhagic colitis. Lancet 1983;2:1299-1300

8. Karmali MA, Petrie M, Lim C, Fleming PC, Arbus OS, Lior
H. The association between idiopathic hemolytic uremic
syndrome and infection by verotoxin-producingEscherichia
coli. J Infect Dis 1985;151:775-82

9. Spika JS, Parsons JE, Nordenberg D, Wells JO, Ounn RA,
Blake PA. Hemolytic uremic syndrome and diarrhea as
sociated with Escherichia coli 0157:H7 in a day care cen
ter. J Pediatr 1986;109:287-91

. 10. Orandsen WR, Susan Damm MA, Anderson JD, Carter JE,
Lior H. Further evidence associating hemolyticuremic syn
drome with infection by Verotoxin-producing Escherichia
coli 0157:H7. J Infect Dis 1986;154:522-4

11. Remis RS, MacDonald KL, Riley LW, Puhr ND, Wells JO,
DavisBR, Blake PA, Cohen ML. Sporadic casesof hemor-

 at FD
A

 L
ibrary on Septem

ber 18, 2014
http://jid.oxfordjournals.org/

D
ow

nloaded from
 

http://jid.oxfordjournals.org/


DNA Probe for EHEC

rhagic colitis associated with Escherichia coli 0157:H7.
Ann Intern Med 1984;101:624-6

12. Pai CH, Gordon R, Sims HV, Bryan LE. Sporadic cases of
hemorrhagic colitis associated with Escherichia coli
0157:H7. Clinical, epidemiologic, and bacteriologic fea
tures. Ann Intern Med 1984;101:738-42

13. Harris AA, Kaplan RL, Goodman LJ, Doyle M, Landau W,
Segreti J, Levin S. Results from a four-month stool survey
for E. coli 0157:H7 - use of a new screening method. Clin
Res 1984;32:763A

14. Stewart PJ, Desormeaux W, Chene J. Hemorrhagic colitis
in a home for the aged. Ontario. Canadian DiseasesWeekly
Report 1983;9:29-32

15. Pai CH, Blore BG, Ahamed N, Sims HV, Woods DE.
Epidemiology of diarrheal diseases due to Escherichia coli
0157:H7 and other verotoxin-producing E. coli [abstract
no. C-574]. In: Programs and abstracts of the Annual Meet
ing of the Canadian Society for Clinical Research, Van
couver: Candian Society for Clinical Research, 1985

16. Johnson WM, Lior H, Bezanson GS. Cytotoxic Escherichia
coli 0157:H7 associated with haemorrhagic colitis in
Canada. Lancet 1983;1:76

17. O'Brien AD, Lively TA, Chang TW, Gorbach SL. Purifica
tion of Shigella dysenteriae 1 (Shiga)-like toxin from Esch
erichia coli 0157:H7 strain associated with haemorrhagic
colitis. Lancet 1983;2:573

18. O'Brien AD, Newland JW, Miller SF, Holmes RK, Smith HW,
Formal SB. Shiga-like toxin-coverting phages from Esch
erichia coli strains that cause hemorrhagic colitis or in
fantile diarrhea. Science 1984;226:694-696.

19. Smith HR, Day NP, Scotland SM, Gross RJ, RoweB. Phage
determined production of Verocytotoxin in strains of Esch
erichia coli serogroup 0157. Lancet 1984;1:1242-3

20. Scotland SM, Smith HR, Rowe B. Two distinct toxins active
on Vero cells from Escherichia coli 0157. Lancet
1985;2:885-6

21. Karmali MA, Petrie M, Louie S, Cheung R. Antigenic heter
ogeneity of Escherichia coli verotoxins.Lancet 1986;1:164-5

22. Strockbine NA, Marques LRM, Newland JW, Smith HW,
Holmes RK, O'Brien AD. Two toxin-converting phages
from Escherichia coli 0157:H7 strain 933 encode antigen
ically distinct toxins with similar biologic activities. Infect
Immun 1986;53:135-40

23. Noda M, Nakabayashi N, Yutsudo T, Hirayama T, Takeda
Y. Physico-chemical and biological properties of the pu
rified Shiga-like toxin from Escherichia coli 0157:H7. Tox
icon 1985;23:600

24. Brown JE, Griffin DE, Rothman SW, Doctor BP. Purifica
tion and biological characterization of Shiga toxin from
Shigella dysenteriae 1. Infect Immun 1982;36:996-1005

25. Eiklid K., Olsnes S. Animal toxicity of Shigella dysenteriae
cytotoxin: evidence that the neurotoxic, enterotoxic, and
cytotoxic activities are due to one toxin. J Immunol
1983;130:380-4

26. Farmer JJ III, Potter ME, Riley LW, Barrett TJ, Blake PA,
Bopp CA, Cohen ML, Kaufmann A, Morris GK, Remis
RS, Thomason BM, Wells JG. Animal models to study
Escherichia coli 0157:H7 isolated from patients with haem
orrhagic colitis. Lancet 1983;1:702

27. Wells JG, Davis BR, Wachsmuth IK, Riley LW, Remis RS,
Sokolow R, Morris GK. Laboratory investigation of

181

hemorrhagic colitis outbreaks associated with a rare Esch
erichia coli serotype. J Clin Microbiol 1983;18:512-20

28. Karch H, Heeseman J, Laufs R, O'Brien AD, Tacket CO, Le
vine MM. A plasmid of enterohemorrhagic Escherichia
coli 0157:H7 is required for expression of a new fimbrial
antigen and for adhesion to epithelial cells. Infect Immun
1987;55:455-61

29. Beery JT, Doyle MP, Higley NA. Cytotoxic activity of Esch
erichia coli 0157:H7 culture filtrate on the mouse colon
and kidney. Curr Microbiol 1984;11:335-42

30. Beery JT, Doyle MP, Schoeni JL. Colonization of chicken
cecae by Escherichia coli associated with hemorrhagic co
litis. Applied Environ Microbiol 1985;49:310-5

31. Potter ME, Kaufmann AF, Thomason BM, Blake PA, Farmer
JJ III. Diarrhea due to Escherichia coli 0157:H7 in the
infant rabbit. J Infect Dis 1985;152:1341-3

32. Pai CH, Kelly JK, Meyers GL. Experimental infection of in
fant rabbits with Verotoxin-producing Escherichia coli. In
fect Imrnun 1986;51:16-23

33. Tzipori S, Wachsmuth KI, Chapman C, Bimer R, Britting
ham J, Jackson C, Hogg J. Studies on the pathogenesis
of haemorrhagic colitis caused by Escherichia coli 0157:H7
in gnotobiotic piglets. J Infect Dis 1986;154:712-6

34. Francis DH, Collins JE, Duimstra JR. Infection of gnotobi
otic pigs with an Escherichia coli 0157:H7 strain associated
with an outbreak of haemorrhagic colitis. Infect Immun
1986;51:953-6

35. Tzipori S, Robins-Browne RM, Gonis G, Hayes J, Withers
M, McCartney E. Enteropathogenic Escherichia coli en
teritis: evaluation of the gnotobiotic piglet as a model of
human infection. Gut 1985;26:570-8

36. Moon HW, Whipp se,Argenzio RA, Levine MM, Giannella
RA. Attaching and effacing activities of rabbit and hu
man enteropathogenic Escherichia coli in pig and rabbit
intestines. Infect Immun 1983;41:1340-51

37. Levine MM, Edelman R. Enteropathogenic Escherichia coli
of classic serotypes associated with infant diarrhea:
epidemiology and pathogenesis. Epidemiol Rev 1984;
6:31-51

38. O'Brien AD, LaVeck GD. Purification and characterization
of a Shigell dysenteriae l-like toxin produced by Esche
richia coli. Infect Immun 1983;40:675-83

39. Scotland SM, Day NP, Rowe B. Production of a cytotoxin
affecting Vero cells by strains of Escherichia coli belong
ing to traditional enteropathogenic serogroups. FEMS
Microbiol Lett 1980;7:15-7

40. Smith HW, Green P, Parsell Z. Verocell toxins in Escherichia
coli and related bacteria: transfer by phage and conjuga
tion and toxic action in laboratory animals, chickens and
pigs. J Gen Microbiol 1983;129:3121-37

41. Konowalchuk J, Speirs 11, Stavric S. Vero response to a
cytotoxin of Escherichia coli. Infect Immun 1977;18:775-9

42. Wade WG, Thorn BT, Evans N. Cytotoxic enteropathogenic
Escherichia coli. Lancet 1979;2:1235-6

43. McNeish AS, Turner P, Fleming J, Evans N. Mucosal adher
ence of human enteropathogenic Escherichia coli. Lancet
1975;2:946-8

44. Smith HW, Linggood MA. The transmissible nature of en
terotoxin production in a human enteropathogenic strain
of Escherichia coli. J Med Microbiol 1971;4:301-5

45. Williams PH, Sedgwick MI, Evans N, Turner PJ, George RH,

 at FD
A

 L
ibrary on Septem

ber 18, 2014
http://jid.oxfordjournals.org/

D
ow

nloaded from
 

http://jid.oxfordjournals.org/


182

McNeish AS. Adherence of an enteropathogenic strain of
Escherichia coli to human intestinal mucosa is mediated
by a colicinogenic conjugative plasmid. Infect Immun
1978;22:393-402

46. Nataro JP, Baldini MM, Kaper JB, Black RE, Bravo N, Le
vine MM. Detection of an adherence factor of enteropatho
genic Escherichia coli using a DNA probe. J Infect Dis
1985;152:560-5

47. Baldini MM, Kaper J8, Levine MM, Candy DCA, Moon HW.
Plasmid-mediated adhesion in enteropathogenic Esche
richia coli. J Pediatr Gastroenterol Nutr 1983;2:534-8

48. Levine MM, Nataro JP, Karch H, Baldini MM, Kaper JB,
Black RE, Clements ML, O'Brien AD. The diarrheal re
sponse of humans to some classic serotypes of enteropatho
genic Escherichia coli is dependent on a plasmid encod
ing an enteroadhesiveness factor. J Infect Dis 1985;152:
550-9

49. Nataro JP, Scaletsky ICA, Kaper JB, Levine MM, Trabulsi
LR. Plasmid-mediated factors conferring diffuse and local
ized adherence on enteropathogenic Escherichia coli. In
fect Immun 1985;48:378-83

50. Harris JR, Wachsmuth IK, Davis BR, Cohen ML. High
molecular-weight plasmid correlates with Escherichia coli
enteroinvasiveness. Infect Immun 1982;37:1295-8

51. Levine MM, Kaper JB, Black RE, Clements ML. New
knowlege on pathogenesis of bacterial enteric infections
as applied to vaccine development. Microbiol Rev
1983;47:510-50

52. Moseley SL, Huq I, Alim ARMA, So M, Samadpour
Motalebi M, Falkow S. Detection of enterotoxigenic Esch
erichia coli by DNA colony hybridization. J Infect Dis
1980;142:892-8

53. Moseley SL, Echeverria P, Seriwatana J, Tirapat C, Chai
cumpa W, Sakuldaipeara T, Falkow S. Identification of
enterotoxigenic Escherichia coli by colony hybridization
using three enterotoxin gene probes. J Infect Dis
1982;145:863-9

54. Echeverria P, Seriwatana J, Thylor DN, Tirapat C, Chaicumpa
W, Rowe B. Identification by DNA hybridization of en
terotoxigenic Escherichia coli in a longitudinal study of
villages in Thailand. J Infect Dis 1985;151:124-30

55. Lanata CF, Kaper JB, Baldini MM, Black RE, Levine MM.
Sensitivity and specificity of DNA probes with the stool
blot technique for detection of Escherichia coli en
terotoxins, J Infect Dis 1985;152:1087-90

56. Sethabutr 0, Hanchalay S, Echeverria P, Taylor DN, Lek
somboon U. A non-radioactive DNA probe to identify
Shigella and enteroinvasive Escherichia coli in stools of
children with diarrhoea. Lancet 1985;2:1095-7

57. Wood PK, Morris JG, Small PLC, Sethabutr 0, Toledo MRF,

Levine et al.

Trabulsi, Kaper JB. Comparison of DNA probes with the
Sereny test in the identification of invasive strains of
Shigella and Escherichia coli. J Clin Microbiol 1986;
24:498-500

58. Levine MM, Rennels MB, Daya V, Hughes TP. Hemaggluti
nation and colonization factors in enterotoxigenic and en
teropathogenic Escherichia coli that cause diarrhea. J In
fect Dis 1980;141:733-7

59. Levine MM, Ristaino P, Sack RB, Kaper JB, (l)rskov F, (l)rs
kov I. Colonization factor antigens I and II and type 1
somatic pili in enterotoxigenic Escherichia coli: relation
to enterotoxin type. Infect Immun 1983;39:889-97

60. Ristaino PA, Levine MM, YoungCR. Improved GM1-enzyme
linked immunosorbent assay for detection ofEscherichia
coli heat-labile enterotoxin. J Coo MicrobioI1983;18:808-15

61. Levine MM, Ristaino P, Marley G, Smyth C, Knutton S,
Boedeker E, Black R, Young C, Clements ML, Cheney
C, Patnaik R. Coli surface antigens 1 and 3 of coloniza
tion factor antigen Il-positive enterotoxigenic Escherichia
coli: morphology, purification, and immune responses in
humans. Infect Imun 1984;44:439-44

62. Birnboim HC, Doly J. A rapid alkaline extraction procedure
for screening recombinant plasmid DNA. Nucleic Acids
Res 1979;7:1513-23

63. Prado V, Braun S, Bosch P, Bercovich M, Reyes L, Sawada
M. Analisis de Escherichia coli enteropatogeno clasico
(E.C.E.P.) como causa endemica de diarrea aguda en nifios
Chilenos. Rev Chil Pediatr 1984;55:171-4

64. Ewing WH, Davis BR, Montague TS. Studies on the occur
rence of Escherichia coli serotypes associated with diar
rheal disease. U.S. Department of Health, Education, and
Welfare, Public Health Service, Center for Disease Con
trol, Atlanta, Georgia, 1963

65. Taylor J. Host specificity and enteropathogenicity ofEsche
richia coli. J. Appl Bacteriol 1961;24:316-25

66. Martin ML, Shipman LD, Wells JG, Potter ME, Hedberg
K, Wachsmuth IK, Tauxe RV,Davis JP, Arnoldi J, Tilleli
J. Isolation ofEscherichia coli 0157:H7 from dairy cattle
associated with two cases of haemolytic uraemic syndrome.
Lancet 1986;2:1043

67. Robbins JB, McCracken GH Jr, Gotschlich EC, 0rskov F,
(l)rskov I, Hanson LA. Escherichia coli Kl capsular poly
saccharide associated with neonatal meningitis. N Engl J
Med 1974;290:1216-20

68. Kusecek B, WIech H, Mercer A, Vaisanen V, Pluschke G,
Korhonen T, Achtman M. Lipopolysaccharide, capsule,
and fimbriae as virulence factors among 01,07,016,018,
or 075 and Kl, K5, or Kloo Escherichia coli. Infect Im
mun 1984;43:368-79

 at FD
A

 L
ibrary on Septem

ber 18, 2014
http://jid.oxfordjournals.org/

D
ow

nloaded from
 

View publication stats

http://jid.oxfordjournals.org/
https://www.researchgate.net/publication/19858765



