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Colonization factor antigen I (CFA/I) plays an important role in the pathogene-
sis of diarrhea due to enterotoxigenic Escherichia coli. In this study, we examined
11 CFA/I1 enterotoxigenic E. coli from serogroups 025, 063, 078, and 0128 and
found that with all strains, spontaneous loss of CFA/I was associated with the loss
of heat-stable toxin (ST) and with the loss of a single plasmid ranging in size from
54 to 60 megadaltons; when heat-labile toxin was lost, this was associated with
the loss of another plasmid. The R factor of one strain, TX432 (078:H12:CFA/I+;
ST'), was found to mobilize the CFA/I-ST plasmid into E. coli K-12 at a
frequency of 20%. These studies provide further evidence that CFA/I production
is plasmid mediated in enterotoxigenic E. coli belonging to serogroups 025, 063,
078, and 0128.

Enterotoxigenic Escherichia coli (ETEC) is an
important cause of acute diarrhea, particularly
in developing countries (1, 21, 30); ETEC has
also caused sporadic outbreaks of diarrhea in
more developed countries such as the United
States and England (14-16, 19, 27-29). To pro-
duce diarrheal disease, these organisms must be
able to attach to and proliferate on the luminal
surface of the small intestine as well as produce
enterotoxin(s) (6). One of the best-characterized
adherence factors found on ETEC isolated from
cases of human diarrhea is the fimbrial coloniza-
tion factor antigen I, or CFA/I (10). Most CFA/I-
producing ETEC belong to serogroups 015,
025, 063, 078, and 0128 and are generally
restricted to only a few serotypes within these
serogroups, for example, 078:H11, 025:H42,
and 063:H- (7, 20). The observation that CFA/I
is plasmid mediated was first made with the
prototype strain H-10407 (078:H11:CFA/I) (11)
and has more recently been shown with other
078 strains (31), an 063:H- strain (18), and with
an 0128ac:H12 strain (26).
The 20 strains of ETEC used in this study

were originally isolated from individuals with
diarrhea and have been shown in previous stud-
ies to produce CFA/I (7, 10-12, 29). To generate
CFA/I-negative derivatives, these strains were
serially passed on CFA agar plates (9), and
individual colonies were screened for loss of
stable toxin (ST) (determined by the suckling

mouse assay [4]), heat-labile toxin (LT) (deter-
mined by the Y-1 adrenal cell assay [5]), and
CFA/I (determined by the hemagglutination typ-
ing method described by Evans et al. [13]). CFA/
I was confirmed by slide agglutination and by
immunodiffusion with anti-CFA/I serum (7, 8).
CFA/I-negative derivatives of CFA/I-positive
ETEC strains are designated as P strains, using
the suffix -P. DNA was prepared by using
cleared lysates of CFA/I-positive and -negative
pairs and was electrophoresed in 0.7% agarose,
stained with ethidium bromide, and photo-
graphed (23). Plasmid molecular weights were
determined by their electrophoretic mobility rel-
ative to plasmids of known molecular weight,
including plac, Rl, RP4, R6K, and Sa (2).
Eleven test strains, including six different

ETEC serotypes, gave rise to CFA/I-negative
derivatives; all were found to have lost a single
plasmid (Table 1 and Fig. 1). Six of the test
strains were resistant to one or more antibiotics
(as determined by disk diffusion [33]), but in no
instance was antibiotic resistance lost simulta-
neously with the production of CFA/I. Every
CFA/I-negative strain had also lost the ability to
produce ST and in some cases also lost the
ability to produce LT. Loss of LT production
was accompanied by loss of a second plasmid.
In serogroup 025, loss of CFA/I and ST produc-
tion was associated with the loss of a 54-mega-
dalton (Mdal) plasmid or a 60-Mdal plasmid (Fig.
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TABLE 1. Analysis of CFA/I1 and CFA/I- pairs of ETEC
Toxins Mol wt of

Antibiotic plasmid(s)
Straina Source Reference Serotype resistanceb CFA/I ST LT lost by the
PB11MexicoP strain

PBll Mexico 7 025:H42 None + + +
None
None

Mexico 7 025:H42 Ap
Ap

Mexico 7 025:H- None
None
None

Bangladesh 7 025:H42 None
None

Mexico 7, 10 063:H- Sm
Sm
Sm

Mexico 7, 10 063:H- Sm
Sm

Mexico 7 063:H- Sm, Tc
Sm, Tc

Bangladesh 7 063:H- None
None

Bangladesh 7, 11 078:H11 None
None

Texas 7, 29 078:H12 Amp, Su, Km Tc,
Sm, and Cm for
both strains

Bangladesh 7 0128:H12 Tc
Tc

+ +

+ + +

+ + +

-

+ + +

+ + +

- +

+ + +

+

+ + +

-

36
54, 36

60

54
54, 36

54

60
60, 50

60

60

60

56

60

60
a A pair consists of a CFA/I1 strain and its CFA/1- derivative; P refers to the CFA/1- derivative of an initially

CFA/I1 isolate of ETEC.
b Ap, Ampicillin; Cm, chloramphenicol; Km, kanamycin; Sm, streptomycin; Su, sulfonamide; Tc, tetracy-

cline.

1); two of these strains gave rise to LT-negative
derivatives coincident with loss of a 36-Mdal
plasmid (Table 1). Strain PB-40 (063:H-)
showed loss of a 50-Mdal plasmid coincident
with loss of LT production. In all of the 063:H-
strains, including strain H-19123 from Bangla-
desh, ST and CFA/I production were associated
with a 60-Mdal plasmid. It can be seen from the
data in Table 1 that the molecular weight of the
plasmid associated with ST and CFA/I produc-
tion varied, but only within a small range (54 to
60 Mdal).

E. coli strain TX432 (078:H12:CFA/I) was
resistant to multiple antimicrobial agents and
produced ST but not LT; this strain was isolated
during a prolonged nosocomial outbreak of diar-

rhea in human infants (29). A 70-Mdal plasmid
encoded resistance to multiple antimicrobial
agents and was transferred by broth matings (23)
to E. coli K-12 strain J53 (pro met XA) at a
frequency of 5 10-5 transconjugants per recip-
ient. The ability to produce CFA/I and ST
cotransferred at a frequency of 20% (one CFA/
I' ST' colony in every five antibiotic-resistant
colonies of strain J53) and was associated with a
60-Mdal plasmid (pTEX) (Fig. 1). To demon-
strate that CFA/I production was not also de-
pendent upon the 70-Mdal resistance plasmid,
this plasmid was eliminated by using the novobi-
ocin technique (18). Antibiotic resistance was
independent of the ability to produce CFA/I.

Virulence of ETEC is determined by the pro-

PB11-P1
PB11-P2

PB37 A8
PB37 A8-P

PB334
PB334-P1
PB334-P2

H9195
H9195-P

PB40
PB4OP1
PB4OP2

PB200
PB200-P

PB312
PB312

H19123
H19123-P

H10407
H10407-P

TX432
TX432-P

16098
16098-P
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FIG. 1. Agarose gels of cleared lysates of CFA/I-producing ETEC, their corresponding CFA/I-negative P
strains, and transconjugants. A, PB11-P1 (CFAVII; ST' LT-); B, PB11-P2 (CFA/I-; ST- LT-); C, PB334 (CFA/
I+; ST' LT'); D, PB-334-P1 (CFA/I-; ST- LT'); E, H9195 (CFA/I+; ST' LT-); F, H9195-P (CFA/I-; ST-
LT-); G, PB37A8 (CFA/II; ST' LT-); H, PB37A8-P (CFA/I-; ST- LT-); I, H10407; J, TX432 (CFA/II; ST'
LT-), multiply resistant; K, TX432-P (CFA/I-; ST- LT-), multiply resistant; L, transconjugant J53 (pTEX)
(CFA/I+; ST' LT-) derived from strain shown in lane 0 by eliminating R factor; M, same as L; N,
transconjugant which received only the R factor; 0, transconjugant with R factor and pTEX; (CFA/I+; ST'
LT-), multiply resistant.

duction of two types of virulence factors; these
are the ST and LT enterotoxins and the fimbrial
colonization factors (3, 6, 10, 13). The CFAs of
the animal-associated ETEC exhibit specificity
in that bovine-associated isolates usually pro-
duce the fimbrial adhesin K99 and the swine-
associated isolates usually produce the fimbrial
adhesin K88 (24, 32). Although K99-positive
ETEC may be found in piglet diarrhea under
special circumstances (22), K88-positive ETEC
have not been isolated from bovines and neither
antigenic type has been identified in cases of
human diarrhea. Some human-associated ETEC
serotypes produce one antigenic type of CFA
(CFA/I), whereas others produce another,
termed CFA/II. CFA/I and CFA/II, like K88 and
K99, are plasmid-determined products of the
ETEC. In most CFA/II-positive ETEC, a single
plasmid encodes for CFA/II, ST, and LT (25;
M. E. Peniaranda et al., manuscript in prepara-
tion; M. E. Peniaranda, D. G. Evans, B. E.
Murray, and D. J. Evans, Program Abstr. In-
tersci. Conf. Antimicrob. Agents Chemother.
26th, Chicago, Ill., abstr. no. 196, 1981). How-

ever, studies on CFA/I indicate that CFA/I and
ST were encoded by one plasmid and LT by
another (7, 10); this has been recently confirmed
by mobilization of a CFA/I-ST plasmid from an
078 ETEC with R1-19K (31) and by mobilizing a
CFA/I-ST plasmid from an 0128ac:H12 strain
with a conjugative LT plasmid present in the
clinical isolate (26). McConnell et al. (17), on the
other hand, transferred a CFA/I-ST plasmid by
mobilization from an 063:H- strain and found
that this plasmid also coded for LT.

In this study, we have shown that in ETEC
serogroups 025 and 063, as well as in sero-
groups 078 and 0128, the production of CFA/I
and ST correlates with a single plasmid which
varies in molecular weight from 54 to 60 Mdal
depending upon the individual isolate examined;
furthermore, neither antibiotic resistance nor
LT appeared to be associated with these CFA/I-
ST plasmids, unlike the 063:H- ETEC reported
by McConnell et al. (17). One 063 strain,
H19123 from Bangladesh, was LT negative
when first isolated. PB200, PB40, and PB312 all
lost their CFA/I-ST plasmid without losing LT
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production, and PB40-P1 (CFA/F; ST- LT+)
later lost LT production together with loss of a

50-Mdal plasmid.
The ability of the R factor in strain TX432 to

mobilize, at high frequency, the transfer of the
CFA/I-ST plasmid is of particular interest.
Wachsmuth et al. (34) previously showed mobi-
lization of a 30-Mdal ST plasmid from an isolate
obtained during the same nosocomial outbreak;
although they did not report on transfer of CFA/
I production, they point out that most strains in
the outbreak had colonization pili and they spec-

ulate on the possible significance of the presence

of these pili without the 60-Mdal colonization
plasmid that had been reported by Evans et al.
(11). The plasmid that we examined measured 60
Mdal in size and mediated CFA/I as well as ST
production; the 30-Mdal ST plasmid of Wachs-
muth et al. likely represents a deletion from the
larger 60-Mdal CFA/I-ST plasmid. Such dele-
tions may partially explain why some strains
produce toxin but no demonstrable CFA; dele-
tions have been observed more frequently with
CFA/Il-producing strains (21st ICAAC, abstr.
no. 196).
The mobilization of pTEX is also significant

because, although CFA enterotoxin plasmids in
clinical isolates rarely encode for antibiotic
resistance, it illustrates that conjugative R fac-
tors found in nature in ETEC can mobilize
virulence plasmids in vitro, an event which may

also occur in vivo. This supports the concern

expressed by other investigators that the wide-
spread use of antimicrobial agents will select not
only for multiply-resistant bacteria but will also
select for strains that have virulence as well as

resistance properties and may, furthermore,
promote the dissemination of virulence plasmids
even when the genes for resistance and viru-
lence are not on the same plasmid.
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