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Enterotoxigenic Escherichia coli (ETEC) isolates from 36 persons with acute
traveler's diarrhea from whom no other pathogens were recovered were tested
(after no more than three subcultures) for the presence of colonization factor
antigens I and II (CFA/I and CFA/II) and type 1 somatic pili. CFA/I or CFA/II
was identified in 7 of 10 strains with heat-labile and heat-stable enterotoxins
(LT'/ST'), but in only 2 of 12 LT-/ST' (P < 0.05) and 0 of 14 LT+/ST- (P <
0.02) strains. CFA pili were not found among 74 non-enterotoxigenic E. coli
strains. Type 1 somatic pili were demonstrable in 42% of the 36 ETEC and in 49%
of the 74 non-enterotoxigenic E. coli isolates. The nine ETEC isolates bearing a
CFA were serially subcultured on 10 consecutive days and retested for CFA and
toxin. After five subcultures only one strain had lost a CFA, but after 10 passages
three strains were negative; two lost CFA/I and one lost CFA/II. The strain that
lost CFA/II became negative for both LT and ST as well and was found to lack a
48- and a 60-megadalton plasmid. The two strains that lost CFA/I also became
negative for ST, but plasmid analysis revealed no plasmid loss. Disappearance of
the CFA/I phenotype without loss of a plasmid can be explained by phase
variation, as exhibited by type 1 somatic pili, or by rearrangement of base
sequences in the CFA/I plasmid genome. If purified pili vaccines are to provide
broad-spectrum protection against ETEC diarrhea, the search must be intensified
to identify the antigens responsible for adhesion to intestinal mucosa in the many
ETEC strains that lack CFA/I and CFA/II.

Enterotoxigenic Escherichia coli (ETEC)
strains are important pathogens that cause trav-
elers' diarrhea (14, 22), infant diarrhea in less-
developed countries (3), and neonatal enteric
colibacillosis in piglets (15) and calves (42).
Earlier veterinary work with piglets showed that
to cause diarrhea, ETEC strains must possess
accessory virulence properties in addition to
heat-labile (LT) or heat-stable (ST) enterotoxin
or both (17, 24, 27, 41, 42). The best-character-
ized accessory virulence properties are adher-
ence or colonization factors, which permit the
attachment of ETEC to the mucosa of the small
intestine (17, 24, 27, 41, 42). These colonization
factors counter the potent peristaltic defense of
the host and allow the release of toxin closer to
the reactive sites. Several antigens responsible
for ETEC colonization in animals have been
characterized as hair-like organelles (pili or fim-
briae) on the surface of the bacterium (17, 24, 27,
41, 42). Some pili, such as K88 and K99, cause

mannose-resistant hemagglutination (MRHA) of
certain erythrocytes (5, 18), whereas other adhe-
sion pili, such as those of porcine E. coli 987, do
not manifest hemagglutination (24). Type 1 so-
matic ("common") pili cause mannose-sensitive
hemagglutination of guinea pig erythrocytes and
manifest adhesion properties for epithelial cells
in vitro (16, 29, 39). However, since type 1
somatic pili occur as frequently in normal flora
as in pathogenic ETEC, their role, if any, as a
virulence factor is unclear (20).

Reports of animal studies indicate that adhe-
sion pili may have a role in immunoprophylaxis
against ETEC (1, 25, 28, 35). Purified K88, K99,
and strain 987 pili have been used to parenterally
immunize pregnant gilts and cows (1, 25, 28, 35).
Piglets and calves suckled by immunized moth-
ers were significantly protected against other-
wise lethal challenge with ETEC strains bearing
the homologous pilus antigen, in contrast to
piglets and calves suckled by nonimmunized
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mothers (1, 25, 28, 35). If the colonization fac-
tors associated with human ETEC strains could
be identified, purified, and shown to be immuno-
genic, then immunoprophylaxis of human ETEC
disease would be feasible.
Adhesion pili analogous to K88 and K99 have

been identified in some human ETEC strains
and have been termed colonization factor anti-
gens I and II (CFA/I and CFA/II) (9-11, 13, 30);
strains possessing these pili have characteristic
MRHA patterns (9, 10, 31). We examined the
frequency of occurrence of CFA/I, CFA/II, and
type 1 somatic pili in ETEC strains from cases of
travelers' diarrhea after minimal subculturing
and related their presence to enterotoxin type
and serotype. Such information is critical since
it will dictate the antigenic composition of a

multivalent, purified pilus vaccine. To date, the
available reports have varied greatly in their
conclusions about the prevalence and signifi-
cance of these antigens in human ETEC strains
(11, 15, 20, 31, 34).

MATERIALS AND METHODS
Bacterial strains. ETEC strains were isolated from

Peace Corps volunteers with acute diarrheal disease in
the course of travelers' diarrhea studies in Kenya,
Morocco, Honduras, Korea, Zaire, and Colombia (36,
38, 40). Specimens were collected as previously de-
scribed (36, 38, 40). During episodes of diarrhea, stool
specimens were collected daily, transported in modi-
fied Stewart medium, plated onto MacConkey agar,
and incubated overnight at 37°C. Five lactose-positive
colonies resembling E. coli were picked; a pool was

also made of 10 other E. coli-like colonies. Lactose-
positive colonies were confirmed as E. coli by stan-
dard biochemical techniques (8) and serotyped by the
method of 0rskov and 0rskov (30). All isolates were

tested for production of LT by Y1 adrenal cell assay
(37) and for ST by the infant mouse assay (6). Entero-
toxigenic strains were tested for the presence of pili by
hemagglutination and agglutination with antisera (20).
Seventy-four non-enterotoxigenic strains isolated
from Peace Corps volunteers without diarrhea by
means of surveillance coprocultures were also exam-

ined for CFA/I and CFA/II pili.
Cultivation of strains. Strains found to be enterotox-

igenic were cultivated (only one to three passages after
primary isolation) so as to promote piliation. Isolates
were cultured both on modified Casamino Acids-yeast
extract agar (CFA agar) (10) and in Mueller-Hinton
broth (15 ml) (20). CFA agar cultures were incubated
aerobically for 24 h at 37°C before being tested for pili.
Mueller-Hinton broth cultures were incubated aerobi-
cally for 48 h at 37°C, subcultured into Mueller-Hinton
broth for another 48 h, and then tested (20). The tubes
of broth were centrifuged and decanted, and the
pellets were suspended in saline to a concentration of
1010 organisms per ml.
Growth on solid agar (especially CFA agar) is favor-

able for the expression of pili associated with MRHA
(such as CFA/I and CFA/lI) and less favorable for type
1 somatic pili, whereas static broth cultures offer
optimal growth conditions for the expression of type 1

somatic pili and suboptimal conditions for CFA/I and
CFA/II. In a separate experiment, the ETEC strains
found to bear CFA (I or II) were subcultured daily for
10 days to determine the stability of CFA expression.
The initial, fifth, and tenth cultures were plated on
CFA agar; the intervening subcultures were inoculated
on tryptic soy agar (which is less optimal for CFA
production because of its glucose concentration). Af-
ter the fifth and tenth passages the strains were
retested for CFA, LT, and ST.

Hemagglutination. CFA/I and CFA/II were identi-
fied by MRHA of human type A and bovine erythro-
cytes, and type 1 somatic pili were indicated by
mannose-sensitive hemagglutination of guinea pig
erythrocytes (9, 20, 39). Guinea pig, bovine, and
human type A erythrocytes were freshly obtained,
washed twice in 0.85% NaCI, and suspended to 3% in
NaCl with and without mannose (0.1%); each E. coli
strain was characterized with all three species of
erythrocytes. Hemagglutination was carried out on
glass slides at 24 and 4°C with human and guinea pig
cells and at 4°C with bovine erythrocytes. Several
bacterial colonies were harvested with a sterile wood-
en applicator stick and mixed on the slide with 0.025
ml of the erythrocyte suspension. Agglutination was
graded from 0 to 4+, depending on the rapidity and
strength of the reaction. Strains causing MRHA of
both human and bovine erythrocytes were putative
CFA/I strains (10), and those that manifested MRHA
of bovine but not human cells were putative CFA/II
strains (9). Strains that showed mannose-sensitive
hemagglutination of guinea pig erythrocytes after culti-
vation in broth were considered to possess type 1
somatic pili (39).

Agglutination with specific antisera. Antisera to
CFA/I and CFA/I1 were prepared by absorption by the
method of Evans et al. (13). Albino rabbits weighing
2.5 kg were repeatedly inoculated intravenously with
E. coli strains possessing CFA/I (H10407) or CFA/II
(A346C1). The rabbits (two per strain) were exsangui-
nated after 21 days, when the serum agglutinated the
immunizing strains at titers >1:512. The respective
sera were absorbed with E. coli H10407-P (which lacks
CFA/I) or E. coli A346C1-P grown at 18°C (which
lacks CFA/II) until the sera failed to agglutinate these
strains. The sera continued to strongly agglutinate
37°C-grown strains H10407 and A346C1, respectively.

Electron microscopy. Strains with typical HA pat-
terns for CFA/I and CFA/II that were agglutinated by
specific antisera were inoculated onto paired CFA
agar plates and incubated at 37 or 18°C. Bacterial cells
were harvested from these plates with phosphate-
buffered saline (approximately 109 bacteria per ml) and
examined under the electron microscope. One drop of
bacterial suspension was placed on a Formvar-coated
300-mesh copper grid, and after 1 min the excess fluid
was withdrawn with a piece of filter paper. The
bacteria were immediately stained with 1% sodium
phosphotungstate (pH 7.3) for 1 min. Excess stain was
removed, and the grid was air dried before being
examined with a Siemens Elmiskop IA electron micro-
scope operated at 80 kV.

Plasmid analysis. Certain E. coli strains were ana-
lyzed for plasmid content by an alkaline extraction
procedure (2) followed by agarose gel electrophoresis
(23). Known molecular weight standards were run
concomitantly to allow sizing of the plasmids. Purified
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TABLE 1. Prevalence of CFA/I, CFA/I1, and type 1
somatic pili in ETEC strains isolated from patients

with acute travelers' diarrhea: relationship with toxin
typea

No. of strains with indicated class of
Enterotoxin pilus/total

phenotype (no.
of isolates) CFA/I CFA/II Type 1

somatic

LT+/ST+ (10) 3/10 (30) 4/10 (40) 1/10 (10)
LT-/ST+ (12) 1/12 (8) 1/12 (8) 4/12 (33)
LT+/ST- (14) 0/14 0/14 10/14 (71)

a Patients with infections that yielded an ETEC
strain of only one serotype and toxin type were
included.

plasmid DNA was also digested with the restriction
endonucleases HindIII and EcoRI (Bethesda Research
Laboratories) according to the manufacturer's instruc-
tions and examined by agarose gel electrophoresis.
DNA hybridization. The E. coli strains examined for

plasmid content were also analyzed for the presence of
LT and porcine ST genes by colony hybridization with
cloned LT and porcine ST gene probes, respectively
(26, 44).

RESULTS
Piliation and toxin type. Forty diarrheal epi-

sodes in 40 patients yielded ETEC isolates. The
infections in 36 patients were apparently due to a
single serotype manifesting one enterotoxin phe-
notype; further characterizations were confined
to these 36 ETEC strains.
A distinct relationship was apparent between

toxin type and piliation. Ten infections were due
to LT+/ST+, 12 to LT-/ST+, and 14 to LT+/ST-
strains (Table 1). Overall, 9 of the 36 (25%)
infecting ETEC strains elaborated CFA/I or
CFA/II and 15 (42%) possessed type 1 somatic
pili. CFA/I or CFA/II pili occurred in 7 of 10
LT+/ST+ strains but in none of 14 LT+/ST-
strains, a statistically significant difference (P =
0.02, two-tailed Fischer's exact test). In con-
trast, 10 of 14 LT+/ST- strains produced type 1
somatic pili versus 1 of the 10 LT+/ST+ strains.
CFA/I and CFA/II in LT-/ST+ strains (2 of 12)
occurred significantly less frequently than they
did in LT+/ST+ strains (P = 0.05), and type 1
somatic pili were uncommon. CFA/I and CFA/II
pili were never encountered simultaneously
within the same strain.

Confirmation of piliation. The nine ETEC
strains that showed MRHA patterns characteris-
tic of CFA/I or CFA/II and that were also
agglutinated by specific anti-CFA antisera were
retested after cultivation on CFA agar at 37 and
180C. Incubation at the lower temperature is
known to suppress production of CFA pili.
Bacteria grown at 370C showed typical MRHA
patterns, were strongly agglutinated by the ho-
mologous CFA antiserum, and were heavily

piliated when observed under the electron mi-
croscope (Fig. 1A). In contrast, after incubation
at 18°C, these nine strains no longer hemagglu-
tinated human or bovine erythrocytes, did not
react with anti-CFA/I or -CFA/II antiserum, and
were nonpiliated when directly visualized under
the electron microscope (Fig. 1B).

Serotypes. The E. coli strains comprised a
wide array of serotypes; some were nontypable
(Table 2). The most frequently encountered 0
serogroups from 19 isolates included 0159 (6
isolates; Kenya, Korea), 06 (4 isolates; Moroc-
co, Honduras, Zaire), Ox2 (4 isolates; Moroc-
co), 027 (3 isolates; Morocco, Honduras, Ke-
nya), and 020 (2 isolates; Morocco). The
remaining 17 isolates were spread among a wide
variety of serogroups or were untypable.

In two of the four strains with CFA/I (Table
2), the 0 group could not be determined because
of spontaneous agglutination; the other strains
were type 020. Four of the five CFA/II-positive
ETEC strains were type 06 (Table 2).

Stability of CFA expression. CFA expression
in CFA-positive strains appeared to remain rath-
er stable for five passages, with only one of nine
strains appearing negative at that point despite
cultivation on a suboptimal medium (tryptic soy
agar) (Table 3). However, by the 10th subcul-
ture, three of the nine strains were negative
(Table 3). The strains that became CFA negative
after serial passage included two CFA/I and one
CFA/II strain. The two CFA/I strains lost ST as
well as CFA/I but retained LT, whereas the
CFA/II strain lost both ST and LT in addition to
CFA/II. Plasmid analysis revealed the loss of
two plasmids approximately 60 and 48 megadal-
tons (Md) in size from the CFA/II strain, but no
change in plasmid profile for the CFA/I strains
(Fig. 2). DNA hybridization studies with the
cloned LT gene showed the disappearance of
genes homologous to the probe concomitant
with the observed plasmid loss. Further hybrid-
ization studies with a porcine ST gene probe
were not helpful, since the ST genes in these
strains did not hybridize with this particular ST
probe. The two ETEC strains that lost the
CFA/I phenotype without losing a plasmid were
inoculated into 5.0-cm ligated loops of rat ileum
and incubated for 18 h in an attempt to restore
CFA/I piliation by in vivo passage. Examination
of 100 clones growing on CFA agar after culture
of the rat ileal loop fluid failed to reveal any
colonies that had regained the CFA/I phenotype.
CFA and type 1 somatic pili in non-enterotox-

igenic E. coli. Of the 74 non-enterotoxigenic E.
coli strains tested, none gave an MRHA pattern
typical of CFA/I. Seven strains showed MRHA
of bovine cells at 4°C, characteristic of CFA/II.
None of these strains, however, were agglutinat-
ed by our CFA/II antiserum. One additional
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FIG. 1. (A) Electron micrograph of E. coli M424C1, which is piliated when grown
micrograph of E. coli M424C1, which becomes nonpiliated when grown at 18°C.

strain caused MRHA of human but not bovine
erythrocytes. Type 1 somatic pili were detected
in 36 of the 74 (49%) non-enterotoxigenic E. coli
strains.

at 37°C. (B) Electron

DISCUSSION

CFA/I and CFA/II in human ETEC strains are
analogous to the K88 antigen of porcine ETEC

INFECT. IMMUN.

4...e; r



COLONIZATION FACTORS AND TOXINS IN E. COLI 893

TABLE 2. ETEC isolates from 36 volunteers with travelers' diarrhea due to infection with a single strain
Pilus type present

Patient Enterotoxin Plstp rsn

Site designation Clone Serotype" phenotype CFA/I CFA/II Type 1
somatic

8
11
24
33
45
52
10
19

10/18
18

408C1
411C1
424C1
633C1
145C2
452C1
410C1
350C1
C2
218C5

7 407C4
9 109C2
15 415C1
21 421C1
26 526CB
43 443C1
6 406C1

46 446C3
49 449C3
13 338C5
K Z102C6A
L Z105C3

3 403C3
15 415C3
26 426C2
29 1029C2
39 439C3
40 440C5
41 441C1
48 448C2
49 449C2
56 456C1
4 330C1
7 375C4
14 336C4b
16 334C1

06:K15:H16
025:K?:H42
06:Kl5:H16
020:H-
0128:H SA
020:H-
SA:H-
0159:H4
0159:H4
06:K15:H SA

027:K?:H20
SA:H12
Ox2:K?:H-
SA:K83:H-
Ox2:K?:H-
Ox2:K?:H-
Ox2:K?:H-
027:H20
0?:H-
027:H7
06:H16
0110(018a,b):H27

03,07:H?
O?:HSA
O?:K25:H-
08:H9
025,068:K?:H
0114:K:H49
0132:K12:H52
SA:H SA
015:H-
0?:H-
0159:H34
0159:H4
0159:H4
0159:H4

LT/ST
LT/ST
LT/ST
LT/ST
LT/ST
LT/ST
LT/ST
LT/ST
LT/ST
LT/ST

ST
ST
ST
ST
ST
ST
ST
ST
ST
ST
ST
ST

LT
LT
LT
LT
LT
LT
LT
LT
LT
LT
LT
LT
LT
LT

+_

_ +_

+-_

- + +

+-_

_ +_

_- +

_- +

+

_

_- +

+

a SA, Spontaneous agglutination.

strains. All three are clearly pilus structures
morphologically when seen in electron photomi-
crographs; they preferentially appear after culti-
vation at 37°C on solid agar, but are not ex-

pressed after culture at 18°C; and they cause
MRHA of certain erythrocytes.

Veterinary experience with purified K88,
K99, and strain 987 purified pili vaccines has
been so promising that it is now believed that up
to 90% of ETEC diarrhea in piglets in North
America may be prevented by a trivalent pilus
antigen vaccine (25, 28, 35). Since CFA/I and
CFA/II represent accessory virulence properties
in those strains that possess them, there is great
expectation that purified CFA/I and CFA/II pili
vaccines may stimulate protective immunity in
humans against ETEC strains possessing the
homologous antigen. Indeed, preliminary stud-

ies in laboratory animals have shown that puri-
fied CFA/I and CFA/II vaccines administered
orally or enterally stimulate intestinal secretory
immunoglobulin A antibody in rabbits and pro-
vide protection against challenge with ETEC
strains bearing the homologous pilus antigen (7;
M. M. Levine, R. E. Black, M. L. Clements,
C. R. Young, C. C. Brinton, Jr., P. Fusco, S.
Wood, E. C. Boedeker, C. Cheney, P. Schadl,
and H. Collins, in E. C. Boedeker, ed., Attach-
ment of Microorganisms to the Gastrointestinal
Mucosal Surface, in press). However, the ulti-
mate human benefit to be derived from a CFA/I
and CFA/II vaccine, regardless of its efficacy,
will depend on the frequency with which these
antigens occur in the ETEC strains that cause
diarrhea in humans. There has been consider-
able controversy on this point. Evans et al. (11)

Morocco
Morocco
Morocco
Morocco
Morocco
Morocco
Honduras
Kenya
Korea
Honduras

Morocco
Morocco
Morocco
Morocco
Morocco
Morocco
Morocco
Honduras
Honduras
Kenya
Zaire
Zaire

Morocco
Honduras
Honduras
Honduras
Honduras
Honduras
Honduras
Honduras
Honduras
Honduras
Kenya
Kenya
Kenya
Kenya
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TABLE 3. Effect of multiple passage on expression of CFA pili and enterotoxins

Expressed in subculture:

Strain (phenotype and CFA) Initial Fifth Tenth
CFA ST LT CFA ST LT CFA ST LT

M452C1 (LT+/ST+, CFA/I) + + + + + + + + +
M109C2 (LT-/ST+, CFA/I) + + - + + - + + -
M633C1 (LT+/ST+, CFA/I) + + + - - + - - +
M41OC1 (LT+/ST+, CFA/I) + + + + + + - - +
M424C1 (LT+/ST+, CFA/1I) + + + + + + + + +
M408C1 (LT+/ST+, CFA/II) + + + + + + + + +
M145C2 (LT+/ST+, CFA/II) + + + + + + + + +
Z102C6 (LT-/ST+, CFA/II) + + - + + - + + -
H218C5 (LT+/ST+, CFA/II) + + + + + + - - -

reported that CFA/I occurs in 89% of ETEC
strains, whereas Gross et al. (15), Thomas et al.
(46), and 0rskov and 0rskov (31) identified
these antigens in only a small percentage of
ETEC strains causing human diarrhea. It could
be argued that the studies reporting low preva-
lence included a preponderance of strains that
had lost their CFA plasmids (9, 11, 32). Howev-
er, a previous report of ours as well as the
current data argue strongly against this (20). We
previously showed that many ETEC strains
lacking CFA/I and CFA/II nevertheless cause
diarrhea in volunteers, colonize the intestine,
and result in brisk immune responses (20). From
those observations we concluded that many
ETEC strains must possess colonization factors
distinct from CFA/I and CFA/II or other adhe-
sive factors that promote attachment to the
mucosa of the proximal small intestine (20). The
data reported in the current study support this
concept. Although CFA/I or CFA/II occurred in
7 of 10 (70%) LT'/ST' strains, such strains
represented the causative agents in approxi-
mately only one-fourth of the 36 single-strain
ETEC infections. Of the 12 LT-/ST' and 14
LT+/ST- isolates, CFA/I or CFA/II was found
in only two, both LT-/ST'.
The nine strains bearing CFA/I or CFA/II pili

were serially passaged on solid agar. After five
subcultures only one strain had lost the CFA,
but after 10 passages three strains had become
CFA negative. Plasmid analysis indicated that
loss of CFA/II, ST, and LT in strain H218C5
was accompanied by the loss of two plasmids,
approximately 60 and 48 Md in size. In contrast,
the two CFA/I strains lost both CFA/I and ST
without the discernible loss of a plasmid. Previ-
ous investigators have shown that the loss of ST
is accompanied by the loss of CFA and was

apparently due to the loss of a plasmid approxi-
mately 60 Md in size (9, 13, 14, 21, 34). We
confirmed these observations with the CFA/II-
producing strain, but our results with the two
CFA/I strains indicated that another genetic

mechanism could be responsible for the loss of
phenotypic expression of CFA/I. This could
imply that CFA pili undergo a phenotypic phase
variation similar to that of type 1 somatic pili
(45). If phase variation does occur with CFA/I
pili (D. P. Taylor, submitted for publication), we
do not yet know how to manipulate the environ-
ment to favor the return of CFA/I expression in
turned-off cells. In vivo passage in a ligated loop
of rat ileum for 18 h failed to restore CFA/I
piliation in the two strains possessing CFA plas-
mids that ceased expression after multiple pas-
sage on solid agar. Alternatively, the loss of
CFA expression without the loss of a plasmid
may indicate a chromosomal mutation, as sug-
gested by Evans et al. (12), who observed no
loss of plasmids in some strains from which
CFA/I or CFA/II but not ST was lost. The
simultaneous loss of both ST and CFA/I sug-
gests a single event that adversely affects the
expression of both CFA and ST. The genetics of
CFA/I production are not well understood, but
Smith and co-workers (43) determined that two
regions of a CFA/I-encoding plasmid are re-
quired for expression and that the two sites were
separated by some 38 kilobases of DNA not
involved with CFA production. Interestingly,
these investigators found the position of the ST
genes in the plasmid to be very close to the
CFA/I genes. At least one ST gene has been
determined to be a transposon (TnJ681) which is
flanked by inverted repeats of IS] (44). Insertion
elements have been shown to be responsible for
a variety of deletion, duplication, inversion, and
transposition events, and the presence of ISJ
within an operon leads to as much as a 1,000-fold
increase in deletion formation frequency in the
region (19). A single recombination or deletion
event could affect the expression of adjacent
genes either through deletion of DNA from both
genes or by a simple frame shift that could affect
the termination signal for one gene, with subse-
quent interference of initiation for the adjacent
gene. Preliminary restriction endonuclease di-
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FIG. 2. Plasmid analysis of E. coli strains exam-

ined for stability of CFA expression. Electrophoresis
of extracted plasmid DNA was performed in 0.7%
agarose. Lanes: a, E. coli strain M633C1 after first
subculture, possessing plasmids of 70, 58, and 2.6 Md;
b, E. coli strain M633C1 after 10th subculture; c, strain
H41OC1 after first subculture, possessing plasmids of
58, 40, 36, 30, 2.6, 2.3, and 1.5 Md; d, strain H41OC1
after 10th subculture; e, strain H218C5 after first
subculture, possessing plasmids of 70, 60, 48, and 1.8
Md; f, strain H218C5 after 10th subculture, now only
possessing plasmids of 70 and 1.8 Md.

gestions of total plasmid DNA from strains
M633C1 and H41OC1 after 1 and 10 subcultures
had been done revealed no discernible difference
in restriction fragments greater than 2 kilobases
long (data not shown). Further investigations
with different restriction enzymes under condi-
tions that allow the detection of much smaller
differences are in progress.
Most ETEC strains that bear CFA/I or CFA/II

have been shown by numerous investigators to
fall within a restricted number of 0 serogroups.
These include 015, 020, 025, 063, 078, 0128,
and 0153 for CFA/I and 06 and 08 for CFA/II.
This pattern was also seen in the present study.
Our observation of the rarity of CFA in
LT+/ST- strains was also noted by Reis et al.
(34). Thus, the antigens involved in attachment
to the mucosa must be identified in the remain-
ing majority of strains that lack CFA/I or CFA/II

(46); these would have to be included in a future
pilus vaccine for it to provide broad-spectrum
prophylaxis. At least one new putative adhesin
has been reported (46).
The prevalence of type 1 somatic pili in the

LT'/ST' and LT-/ST' strains in this study was
lower than that reported by Brinton (4) or by us
previously (20). The reasons for this are unclear,
but may be related to the fact that in many
instances the cultures originated from a single
clone. The precise role, if any, of type 1 somatic
pili as an adhesive factor mediating the attach-
ment of ETEC organisms to the small intestine
mucosa is unclear. Although type 1 somatic pili
promote the adhesion of ETEC cells to epithelial
cells in vitro and the attachment of ETEC cells
can be prevented by specific anti-pilus antibody
(16), the observation that the 74 nonpathogenic
colonic flora E. coli strains possessed type 1
somatic pili with approximately the same preva-
lence (49%) as did the 36 pathogenic ETEC
strains (42%) makes these pili unlikely candi-
dates for protective immunogens. Efforts must
be intensified to identify the antigens responsi-
ble for adhesion in the ETEC pathogens that
lack CFA/I and CFA/II. A multidisciplinary
approach, including bacterial genetic tech-
niques, should be employed to optimize this
search, and wherever possible the ETEC strains
studied should be minimally passaged and of
known pedigree.
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