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Colonization factor antigens 1 and II (CFA/I and CFA/ID) are important in the pathogenesis of diarrhea in
humans caused by some enterotoxigenic L cherichia coli (ETEC). Plasmid DNA from 16 CFA/I* and five
CFA/I1* ETEC were examined by Southern blot analysis with enterotoxin gene probes and were compared
with plasmid DNA from derivatives of the same ETEC that had lost the ability to produce these colonization
factors. Among the 16 CFA/I* ETEC strains, the loss of CFA/I was accompanied by the loss of a plasmid of
between 34 and 68 megadaltons (MDa) coding for heat-stable enterotoxin A2 (ST-A2) in 12 strains, by the loss
of a 60-MDa plasmid coding for heat-labile enterotoxin (LT) and ST-A2 in one strain, or by deletions of a
segment of DNA encoding for ST-A2 in three strains. Among five CFA/I1* ETEC strains, the loss of CFA/lI
was associated with the loss of a plasmid of 75 MDa coding for LT and ST-A2 in three strains, with the loss of
genes coding for LT and ST-A2 from a 68-MDa plasmid in one strain, or with ne discernible loss of a plasmid
or DNA sequences coding for enterotoxins in the remaining strain. The loss of CFA/I and CFA/II production
was associated with the loss of DNA sequences encoding for ST-A2 in 20 of 21 ETEC examined.

In certain strains of enterotoxigenic Escherichia coli
(ETEC) isolated from humans with diarrhea, two different
fimbriai antigens, colonization factor antigens 1 and Il
(CFA/l and CFA/ID. have been identified (10-15). These
fimbrial antigens enable £. coli to attach to the luminal
surface of the small intestines. Both attachment and
enterotoxin production are important in the pathogenesis of
E. coli diarrhea (10). The ability of an E. coli to produce
CFA/I or CFA/Il is plasmid mediated (10, 22, 27. 28, 37-39),
Genes coding for CFA/l and heat-stable (ST) enterotoxin
production have been found on the same plasmid (29, 37,
39). whereas genes coding for CFA/Il production have been
associated with plasmids coding for both heat-labile (LT)
and ST enterotoxins (28. 38). Two different restriction en-
donuclease fragments of plasmid DNA encoding for ST-A.
detectable in a suckling mouse assay. have been cloned and
sequenced (19, 26). Cloned gene probes coding for ST-Al,
derived from an ETEC of porcine origin (19). and for ST-A2,
from an ETEC of human origin (26), did not cross-hybridize
under stringent hybridization conditions. Moreover,
Moseley et al. (25) demonstrated that E. coli H10407 con-
tains a plasmid coding for §T-A2 and CFA/l and another
plasmid coding for LT and ST-A1. Smith et al. and Willshaw
et al. (39, 42) have previously shown that plasmid DNA
sequences coding for ST were closely linked to a region
involved in CFA/I production. Two regions of the plasmid
were required for the expression of CFA/L and these two
sites were separated by a length of DNA corresponding to a
molecular size of 25 megadaltons (MDa) (39). Genes coding
for ST-A2 were associated with one of these regions. Other
investigators have also noted an association between CFA/I

* Corresponding author.
+ Address reprint requesisy to: APO Suan Francisco. CA
96346-5000.

626

and genes coding for ST and between CFA/H and genes
coding for LT and ST (12, 22, 27, 28, 31. 37-39_ 42).

To determine the association of genes coding for
enterotoxins and colonization factors. plasmid DNA isolated
from CFA/I' and CFA/I1" ETEC and derivatives of those
same isolates that had lost colonization factors were exam-
ined by Southern blot analysis with enterotoxin gene probes
(41).

MATERIALS AND METHODS

Bacterial strains. The 21 ETEC strains ¢xamined in this
study were isolated from different sources in Thailand in 1982
to 1983 (4). Isolates were tested for LT in Y1 adrenal cells (34)
and for ST in the suckling mouse assay (7) immediately before
being examined for colonization factors. ETEC isolates were
tested for mannose-resistant hemagglutination of human
group A and bovine erythrocytes and for agglutination in
specific antisera to CFA/l and CFA/IL (15).

CFA™ derivatives. None of 21 CFA" ETEC spontancously
lost the ability to produce CFA after repeated passage on
CFA agar (13). To obtain CFA  derivatives of these strains,
CFA® ETEC were grown in increasing concentrations of
novobiocin (23): surviving E. coli were isolated on CFA agar
(13). Individual colonies were initially screened for man-
nose-resistant hemagglutination, followed by agglutination
in CFA/I- and CFA/I-specific antisera, and for enterotoxin
production (7. 11. 15, 34). The CFA " strains and their CFA
derivatives were biotyped as described by Scotland et al.
(36). The CFA/II" ETEC and their CFA - denivatives were
also tested for the three distinet fimbrial antigens of CFA11
CS1. CS2. and CS3 by double immunodiffusion with mono-
specitic antisera (40). Antibiotic susceptibilities of CFA®
ETEC and their CFA  denvatives were determined by the
disk diffusion method (1.

Plasmid DNA. Plasmid DNA was isolated from CFA ™ and
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FIG. 1. Southern blot hybridization of plasmid DNA from CFA*
and their CFA E. coli derivatives. (A) Ethidium bromide-stained
0.7% agarose gel. Lanes: a, C529-1 LT*ST* CFA/l* E. coli; b.
CS529-1PLT*ST CFA/l E. coli;c,CC619G-1 LT*ST* CFA/IL® E.
colizd. CCO19G-1P LT ST CFA/Il E. colize. CD663B-1 LT ST*
CFA/l" E. colii f. CD663B-1P LT ST CFA/l E. colii g. C584-10
LT ST* CFA/N" E. coli: h, CS84-10P LT ST CFA/l E. coli: i,
C712-3 LT ST CFA/l" E. coliz j. C712-3P [.T'ST CFA/l E.
coli. (B) Autoradiograph of a Southern blot of the gel shown in panel
A hybridized with the ST-A2 enterotoxin gene probe.

CFA ™ pairs of strains by the method of Birnboim and Doly
(2), separated by e¢lectrophoresis on 0.79 agarose. stained
with ethidium bromide. and photographed under UV illumi-
nation. DNA was transferred to nitrocellulose paper (BA-85:
Schleicher & Schuell. Inc.. Keene, N.H.) by the Southern
technique (41) and examined for hybridization with the LT,
ST-Al, and ST-A2 enterotoxin gene probes (25). Plasmid
molecular weights were determined by their electrophoretic
mobilities relative to plasmids of known molecular weights
including plac, pPRC122. pR1. pRP4, pR6K. and pSa (3).
RESULTS

CFA1* ETEC. The 16 CFA/I' ETEC belonging to four
serogroups and three biotypes are shown in Table 1. The
strains and CFA ~ derivatives that were of the same biotype
and antibiogram were examined by Southern blot analysis
with the LT. ST-Al. and ST-A2 gene probes. A Southern
blot hybridization of plasmid DNA from CFA* and thus
CFA  derivatives examined with the ST-A2 enterotoxin
gene probe is shown in Fig. 1. As summarized in Table 2. the
loss of CFA/I was associated with the loss of a plasmid
between 34 and 68 MDa encoding for ST-A2 in 12 strains and
with the loss of a 60-MDa plasmid coding for LT and ST-A2
in strain C625. The 39-MDa plasmid in strain C665-1P. but
not in its parental strain, hybridized with the ST-A2 probe
which suggested that the ST-A2 gene had transposed from
the 68-MDa plasmid that was lost onto the 39-MDa plasmid.
This strain was the only one of 16 CFA/l  derivatives that
retained the ability to produce ST. In CFA/l" ETEC strains
C54-9, C584-6. and C636-1 the loss of the ability of a plasmid
to hybridize with the ST-A2 enterotoxin gene probe was
associated with the loss of the ability to produce ST and
CFA/L
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CFA/II* ETEC. The loss of a plasmid of 75 MDa encoding
for LT and ST-A2 was associated with the loss of production
of CFA/Il antigens CS1 and CS3 in three isolates (Table 3).
In isolate CF1D499-2 the loss of production of CFA/II
antigens CS2 and CS3 was associated with the deletion of a
segment of DNA of approximately 1 MDa that contained
genes coding for LT and ST-A2. In isolate OAE108-04-6 of
biotype F loss of the ability to produce CS2 and CS3 antigens
was not associated with any apparent loss of plasmid DNA
or of genes coding for enterotoxins. The loss of CFA/II
antigens CS1, CS2, and CS3 was not associated with the loss
of resistance to antibiotics in the latter instances.

DISCUSSION

In200f 21 CFA/l" and CFA/II’ ETEC examined. the loss
of CFA antigen production was associated with the loss of a
plasmid or of a segment of DNA coding for ST-A2. In four
CFA/I' ETEC the loss of CFA and ST-A2 occurred without
any apparent change in plasmid molecular weight. This
suggests that the region of the plasmid involved in CFA
synthesis which was closely associated with genes for ST-A2
was small. The genes coding for ST were similar to the
ST-A2 sequence described by DeWilde et al. (9) which is
similar to the DNA sequence coding for ST cloned by
Moseley et al. (26) and which was used as the ST-A2 probe
in this study.

Although no linkage has been demonstrated between
genes coding for ST and other colonization factors. it is
remarkable that E. coli with colonization factors K99, 987P,
and F41 isolated from animals with diarrhea produces ST
alone (18). The close association between the genes coding
for ST-A2 and CFA/l and between the genes coding for LT
and ST-A2 and CFA/H suggests that the same environmental
pressures that were involved in the selection of DNA se-
quences coding for ST-A2 may also have selected for colo-
nization factors associated with ETEC isolated from hu-
mans. It would be of interest to determine whether DNA
sequences coding for ST-Al (15) or ST-A2 (9, 25, 26) are
associated with genes coding for the colonization factors
found on E. coli isolated from animals.

DNA sequences coding for ST-Al were not associated
with genes involved in either CFA/I or CFA/II synthesis in
the strains examined. In strain S466-9 the ST-Al genes

TABLE 1. Biotypes of 16 CFA/l” ETEC isolates

Result of test with indicated serogroup

Tewt* 078 0126 0128 0153
in = 3) in - D n = 10) n =2)

Acid from:

Adonitol - - - -

Dulcitol - - + -

Sorbitol + + + +

Xylose + + + +

Rhamnose + + + +

Maltose + + + +

Lactose + + + +

Sucrose + + + -

Sorbose - - - -

Raftinose + + + -
Decarboxylase:

Ornithine + . + +

? Tests were performed as described by Scotland et al. (36). Results are

Iisted tn the format used by Merson et al. 1241 1o addition to the results shown
here. the 10 O128 ETEC produced acid tor sabicin.
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TABLE 2. Characteristics and plasmid content of CFA/I” ETEC and their CFA/l  derivatives

Toxin ;
Strain no. Serogroup Antibiotic resistance” CFAl T_—S? h:?:::::’: (Y&.?f

C54-9 0128 Cm. Sm. Su. T¢ + + + 75. 60~
C54-9P - + - 75. &0"
279B-1 0128 (H12) Cm. Sm. Su. T¢ + + + 80, 57.” 48, 34
2798B-1P -~ + - 80, 57." 48
S356-1 0128 Cm. Sm. Su. T¢ + + + 80. 65 60.” 48
$356-1P + - 80. 60.” 48
C529-1 O128 None + + + 90. 68.° 65°
CS829-1P - + - 90, 65”
CWBD529-1 0128 None + + 90, 68, 65*
CWBDS529-1P ~ + - 90. 65"
C712-3 0128 Ap. Cm. Sm. Su, Tc + + + 90. 68.° 65"
C712-3pP + - 90, 65"
SCHSSSE 0128 Cm. Sm. Su. T¢ + + + 90. 62.” 50, 34
SCHS8SE-P + -~ 90, 62.” 34
C66S-1 0128 Cm. Sm. Su. T¢ + + 90, 68. 65.” 50, 39
C665-1P - + + 90, 65.% 50, 39
Ce62s 0128 Cm. Sm. Su. Tc + + + 75, 65, 60,7 52
C625P ~ - - 75. 65, 52
C636-1 0128 Ap. Cm, Sm. Su. Tc + + 85. 60"
C636-1P - - 85. 60"
C41-4 078 (H12) Cm. Sm. Su. Tc¢ + + + 90. 68.° 64" 25
C41-4P - + - 90, 64", 25
C99-3 078 (H12) Ap.Cm. Tc + - + 65, §6. 42, 32
Co-3P - - - 6S. 42
$902-1 078 Ap.Cm, Tc + - + 65, 56. 43
S$902-1P - - - 6S. 43
CD663B-1 0126 (H6) Ap. Tc + - + 75. 68, 60. 42, 39
CD663B-1P - - - 75. 60, 42
CWBCS37-1 0153 (H24) Ap. Km. Nm. Sm. Su. Tp + - + 65. 59, 56. 50. 42
CWB(S537-1P - - - 59, 56. S0, 42
C584-10 0153 (H45) Ap. Sm. Su. T¢ + - + 65 57. 50
Cs84-10P - - - 65, §7. 50

“ Ap. Ampicillin, Cm. chloramphenicol: Km. kanamycin: Nm. neomycin: Sm. streptomycin: Su. sulfisoxazole (sulphafurazofe). Tc. tetracycline: Tp.

trimethoprim,
* Hybridized with the LT cnt:rotoxin gene probe.

* Hybridized with the ST-2._ enterotoxin gene probe: H type in parentheses.

located on a 27-MDa plasmid were not expressed or they
produced levels of ST that were not detected in the suckling
mouse assay. This isolate was similar to H10407P which also
contains a plasmid coding for ST-Al but does not produce
ST (10. 26).

Although CFA/I has been reported by several authors in
ETEC of serogroup Q128 (4, 17. 21. 27, 31, 32, 35). the
reported incidence of LT-ST or LT-producing strains within
this serogroup has been rare (4-6. 16, 17, 35) compared with
the frequencies of strains producing only ST (5. 8, 16, 17, 24,
30, 33. 35). Each of the 10 serogroup 0128 strains reported
herein and of the three reported carlier (4). all of which were
Thai isolates. produced ST and LT. The production of LT as

measured by the Y1 adrenal cell assay was confirmed in the
present study by the demonstration of LT genes on plasmids
by Southern blot analysis with an LT enterotoxin gene
probe. The fermentation pattern of the 0128 strains (Table 1)
was identical to that reported for two O128ac:H12 strains
that produced both LT and ST and that originated in
Bangladesh (17). Thus, the LT-ST-producing. CFA/I* group
0128 ETEC reported to date appear to be of Asian origin.
Efforts to construct nontoxigenic E. coli capable of pro-
ducing colonization factors for use as possible vaccine
candidates are currently being pursued by a number of
investigators (20, 37). It has been difficult to construct
nontoxigenic CFA/l' strains because the genes coding for
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TABLE 3. Characteristics and plasmid content of CFA/I1* ETEC and their CFA/II~ derivatives

. ) . Antibiotic Colonization factor antigens Toxin Molecular wt of
Strain no. Serogroup  Biotype resistance® CFANl __ Cst  Csz  Cs3 LT ST plasmid (10%)

CC619G-1 06 A None + + - + + + 75.54 42, 38, 27
CC619G-1P - - - - - - 42, 38, 27
Sp108D-1 06 (H16) A None + + - + + + 75,4 42, 38, 27
Spl08D-1P - - - - - - 42, 38, 27
S5466-9 06 (H16) A None + + - + + + 75,4 57, 50, 27°
S466-9P - - - - - -~ 57. 50, 27¢
CF1D499-2 06 B None + - + + + + 100, 68, 42
CF1D499-2P - - - - + + 100, 67, 42
OAE108-04-6 06 F Ap, Cm, Tc + - + + + + 100, 68, 42
OAE108-04-6P Ap, Cm, Tc - - - - + + 100,7¢ 68, 42

? Biotypes were determined by the method of Scotland et al (36).

® Ap. Ampicillin; Cm, chloramphenicol; Tc, tetracycline.

© Hybridized with LT enterotoxin gene probe.

¢ Hybridized with ST-A2 enterotoxin gene probe.

© Hybridized with ST-A1 enterotoxin gene probe, H type in parentheses.
ST, shown in this study to be ST-A2, and one region United States. Infect. Immun. 29:361-368.
involved in CFA/I production are closely linked (37, 39, 42). 9. DeWilde, M., M. Ysebaert, and N. Harford. 1981. DNA se-

The close association between genes coding for LT, ST-A2.
and CFA/Il may also be a problem in the construction in a
nontoxigenic vaccine candidates capable of producing
CFA/IL It may still be possible by DNA hybridization and
cloning techniques to construct isolates which produce CFA
antigens but which do not contain the DNA sequence that
encodes for ST-A2.

ACKNOWLEDGMENTS

This study was supported in part by contract C6-181-81 from the
World Health Organization. C.J.S. is supported by a grant from the
Medical Research Council of Ireland.

We are grateful to S. Formal for providing E. coli H10407
(CFA/I*) and H10407P (CFA/I") and to E. Boedeker for providing
antisera to CFA/II. We thank Chittima Pitarangsi, Prani Ratarasarn,
Orapan Chivoratanond, Vitaya Khungvalert, Pradith Nabumrung,
Sawat Boonak, and Pornthip Siripraivan for technical assistance.

LITERATURE CITED

1. Bauer, A. W,, W. W. M. Kirby, J. C. Sherris, and M. Turck.
1966. Antibiotic susceptibility testing by a standardized single
disc method. Am. J. Clin. Pathol. 45:493—496.

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

3. Bukhari, A. L, J. A. Slnplro,lnds L Adhya (ed.). 1977. DNA
insertion elemems plasmids, and episomes. Cold Spring Har-
bor Laboratary, Cold Spring Harbor, N.¥.

4. Clnngchawalit,s P. Echeverria, D. N, Taylor, U. Leksomboon,
C. Tirapat, B. Eampokalap, and B. Rowe. 1984. Colonization
factors associated with enterotoxigenic Escherichia coli isolated
in Thailand. Infect. Immun. 45:525-527.

5. Cravioto, A., S. M. Scotland, and B. Rowe. 1982. Hemaggluti-
natiop activity and colonization factor antigens I and Il in
entefotoxigenic and non-entgrotoxigenic strains of Escherichia
coli isolated from humans. Infect. Immun. 36:189-197.

6. Darfeuille, A., B. Lafenille, B. Joly, and R. Cluzel. 1983. A new
colonization factor antigen (CFA/III) produced by enteropath-
ogenic Escherichia coli 0128:B12. Ann. Microbiol. Ser. A
(Paris) 134:56-64.

7. Dean, A. G., Y. C. Ching, R. B. 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.

8. DeBoy, J. M,, II, 1. K., Wachsmuth, and B. R. Davis. 1980.
Serotypes of enterotoxigenic Escherichia coli isolated in the

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

quence at the STA2 enterotoxin gene from an E. coli strain of
human origin, p. 596. In S. B. Levy, R. C. Clowes, and E. L.
Koenig (ed.), Molecular biology, pathogenicity, and ecology of
bacterial plasmids. Plenum Publishing Corp., New York.
Elwell, L. P., and P. L. Shipley. 1980. Plasmid-mediated factors
associated with virulence of bacteria in animals. Annu. Rev.
Microbiol. 34:465-496.

Evans, D. G., and D. J. Evans, Jr. 1978. New surface-
associated heat-labile colonzation factor antigen (CFA/II) pro-
duced by enterotoxigenic Escherichia coli of serotypes 06 and
0O8. Infect. Immun. 21:638-647.

Evans, D. G., D. J. Evans, Jr., J. S. Clegg, and J. A. Pauley.
1979. Purification and characterization of the CFA/I antigen of
enterotoxigenic Escherichia coli. Infect. Immun. 25:738-748.
Evans, D, G., D. J. Evans, Jr., and W. Tjoa. 1977. Hemagglu-
tination of human group A erythrocytes by enterotoxigenic
Escherichia coli isolated from adults with diarthea: correlation
with colonization factor. Infect. Immun. 18:330-337.

Evans, D, G., D. }. Evans, Jr., W. S. Tjoa, and H. L. DuPont.
1978. Detection and characterization of colonization factor of
enterotoxigenic Escherichia coli isolated from adults with diar-
rhea. Infect. Immun. 19:727-736.

Evans, D. J., Jr., D. G. Evans, and H. L. DuPont. 1979. Hem-
agglutination patterns of enterotoxigenic and enteropathogenic
Escherichia coli determined with human, bovine, chicken, and
guinea pig erythrocytes in the presence and absence of man-
nose. Infect. Immun. 23:336-346.

Gross, B. J., A. Cravioto, S. M. Scotland, T. Cheasty, and B.
Rowe. 1978. The occurence of colonization factor (CF) in
enterotoxigenic Escherichia coli. FEMS Microbiol. Lett.
3:231-233.

Guth, B. E. C., M. L. M. Silva, L. C. A. Scaletsky, M. R. F.
Toledo, and L. R. Trabulsi. 1985. Enterotoxin production, pres-
ence of colonization factor antigen I.'and adherence to HeLa
cells by Escherichia coli O128 strains belonging to different O
subgroups. Infect. Immun. 47:338-340.

Ketyi, 1. 1984. Non toxin virulence factors of bacterial enteric
pathogens (a review). Acta Microbiol. Acad. Sci. Hung.
31:1-25.

Lathe, R., P. Hirth, M. DeWilde, N. Harford, and J. P. Lecocq.
1980. Cell free synthesis of enterotoxin of E. coli from a cloned
gene. Nature (London) 284:473-474.

Levine, M. M., J. B. Kaper, R. E. Black, and M. L. Clements.
1983. New knowledge on pathogenesis of bacterial enteric
infections as applied to vaccine development. Microbiol. Rev,
47:510-550.

Levine, M. M., P. Ristaino, R. B. Sack, J. B. Kaper, F. Orskov,
and 1. @rskov. 1983, Colonization factor antigens | and 1l and
type 1 somatic pili in enterotoxigenic Escherichia coli: relation

0 NN ) N AN ST AT T A NERERAN



630

”
Lo

(2%
‘o

tJ
o

ECHEVERRIA ET AL.

to enterotoxin type. Infect. Immun. 39:889-897.

. McConnell, M. M., H. R. Smith, . A. Willshaw, A. M. Field,

and B. Rowe. 1981. Plasmids coding for colonization factor
antigen | and heat-stable enterotoxin production isolated from
enterotoxigenic Escherichia coli: comparison of their proper-
ties. Infect. Immun. 32:927-936.

. McHugh, G. L., and M. N. Swartz. 1977. Elimination of plas-

mids from several bacterial species by novobiocin. Antimicrob.
Agents Chemother. 12:423-426.

24. Merson, M. H., F. Orskov, 1. Orskov, R. B. Sack, 1. Huq, and

F. T. Koster. 1979. Relationship between enterotoxin produc-
tion and serotype in enterotoxigenic Escherichia coli. Infect.
Immun. 23:325-329.

. Moseley, S. L., J. W. Hardy, M. 1. Huq, P. Echeverria, and S.

Falkow. 1983. Isolation and nucleotide sequence determination
of 4 gene encoding for a heat-stable enterotoxin of Excherichia
coli. Infect. Immun. 39:1167-1174.

. Moseley, S. L., M. Samadpour-Motalebi, and S. Falkow. 1983.

Plasmid association and nucleotide sequence relationships of
two genes encoding heat-stable enterotoxin production in Esch-
erichia coli H-10407. ). Bacteriol. 156:441-443.

. Murray, B. E.. D. J. Evans, Jr., M. E. Penaranda, and D. G.

Evans. 1983. CFA/I-ST plasmids: comparison of enterotoxi-
genic Escherichia coli (ETEC) of serogroups 025, 063, O78.
and O128 and mobilization from an R factor-containing epi-
demic ETEC isolate. J. Bacteriol. 153:566-570.

28. Penaranda, M. E., M. B. Mann, D. G. Evans, and D. J. Evans.

30.

31

1980. Transfer of an ST:LT:CFA/Il plasmid into E. coli K12
strain RR1 by cotransformation with pSC301 plasmid DNA.
FEMS Microbiol. Lett. 8:251-254.

. Reis, M. H. L., M. H. T. Afonso, L. R. Trabulsi, A. J. Mazaitis,

R. Maas, and W. K. Mass. 1980. Transfer of a CFA/I-ST
plasmid promoted by conjugative plasmid in a strain of Esche-
richia coli serotype O128ac H12. Infect. Immun. 29:140-143.
Reis, M. H. L., A. F. P. Castro, M. R. F. Toledo, and L. R.
Trabulsi. 1979. Production of heat-stable enterotoxin by 0128
serogroup of Escherichiu coli. Infect. Immun. 24:289-290.
Reis, M. H. L., B. E. C. Guth, T. A. T. Gomes, J. Mura-
hovschi, and L. R. Trabulsi. 1982. Frequency of Escherichia coli
strains producing heat-labile toxin or heat-stable toxin or both in
children with and without diarrhea in Sao Paulo. J. Clin.

33.

KER

8.

39.

40.

41.

INFECT. IMMUN.

Microbiol. 158:1062-1064.

. Reis, M. H. L., D. P. Matos, A. F. Pestano de Castro, M. R. F.

Toledo, and L. R. Trabulsi. 1980. Relationship among entero-
toxigenic phenotypes. serotypes. and sources of strains in
eaterotoxigenic Escherichiu coli. tnfect. Immun. 28:24-27.
Sack, D. A., M. H. Merson. J. ;. Wells, R. B. Sack, and G. K.
Morris. 1981. Diarrhea associated with heat-stable enterotoxin-
producing strains of Escherichia coli. Lancet i#:239-241.

Sack, D. A., and R. B. Sack. 1975. Test for enterotoxigenic
Escherichiu coli using Y1 adrenal cells in miniculture. Infect.
Immun. 11:334-336.

. Scotland, S. M., N. P. Day, A. Cravioto, L.. V. Thomas, and B.

Rowe. 1981. Production of heat-lubile or heat-stable en-
terotoxins by strains of Escherichia coli belonging to serogroups
044, 0114, and O128. Infect. Immun. 31:500-503.

. Scotland, S. M., R. J. Gross, and B. Rowe. 1977. Serotype-

related enterotoxigenicity in Escherichia coli O6:H16 and
O148:H2R. J. Hyg. 79:395-403.

. Smith, H. R., A. Cravioto, . A. Willshaw, H. M. McConnell,

M. M. Scotland, R. J. Gross, and B. Rowe. 1979. A plasmid
coding for the production of colonization factor antigen 1 and
heat-stable enterotoxin in strains of Escherichia coli of serotype
0O78. FEMS Microbiol. Lett. 6:255-260.

Smith, H. R., S. M. Scotland, and B. Rowe. 198}. Plasmids that
code for production of colonization factor antigen Il and
enterotoxin production in strains of Escherichia coli. Infect.
Immun. 40:1236-1239.

Smith, H. R., G. A. Willshaw, and B. Rowe. 1982. Mapping of
plasmid. coding for colonization factor antigen | and heat-stable
enterotoxin production, isolated from an enterotoxigenic strain
of Escherichia coli. J. Bacteriol. 149:264-275.

Smyth, C. J. 1984. Serologically distinct fimbriae on enterotox-
igenic Escherichia coli of serotype O6:K15:H16 or H-. FEMS
Microbiol. Lett. 21:51-57.

Southern, E. M. 1975, Detection of specific sequences among
DNA fragments separated by gel electrophoresis. J. Mol. Biol.
98:503-517.

. Willshaw, G. A., H. R. Smith, and B. Rowe. 1983. Cloning of

regions encoding colonization factor antigen | and heat-stable
enterotoxin in Escherichia coli. FEMS Microbiol. Lett.
16:101-106.

| Accesion For

NTIS CRA& o

OTC TAB a
0O

U-.annou::ced
Justitication L

Di-t ibutio../

SR e

Availabiiity Codes
E Avaii a'-':d l'or
Spuecial

A-1 20

Di. t




