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SUMMARY

Enterotoxigenic Escherichia coli (ETEC) from Burma, central Africa (Rwanda
and Zaire) and Peru, were screened by enzyme-linked immunoas^ays for the
colonization factor antigens (CFAs) and putative colonization factors (PCFs):
CFA/I, CFA/II, which consists of three coli surface-associated (CS) antigens, CS1,
CS2 and CS3, CFA/III, CFA/IV (CS4, CS5, CS6), CS7, PCFO9, PCFO159.H4,
PCFO166, and CS17. The highest proportion of ETEC with identifiable
colonization factors (71%) were found in the strains from Burma, which were
mainly positive for CFA/I (38%), but strains producing CFA/II (4%), CFA/IV
(11 %), CS7 (10%), CS17 (4%), PCFO159.H4 (2%) and PCFO1GC (2%) were also
found. Sixty-nine percent of the ETEC from central Africa were positive for
known colonization factors. While CFA/I positive strains were important (12%),
a higher number of ETEC producing CFA/IV (33%) and CS17 (24%) were found.
Fifty-two percent of the Peruvian strains produced identifiable colonization
factors. The largest group of strains produced antigens of the CFA/IV complex
(17%), while ETEC producing CFA/II (6%), CFA/III and CS6 (2%), CS7 (6%),
PCFO9 (6%), PCFO1G6 (8%) and CS17 (7%) were also found. These surveys
show that there is a considerable variation in the proportions and types of
colonization factor found in different geographical areas. From 29 to 48 % of the
ETEC did not possess an identifiable colonization factor. These were particularly
of the LT only producing type. These results have important implications for
vaccine formulation.

INTRODUCTION

Enterotoxigenic Escherichia coli (ETEC) are an important cause of diarrhoeal
diseases in infants in developing countries and in visitors to those countries. Their
pathogenicity is due to their ability to adhere to the intestinal mucosa of the
duodenum and to produce enterotoxins. The factors which mediate adherence to
the intestinal epithelial cells are called colonization factors and they are usually
fimbriae many of which have the ability to agglutinate red blood cells from a
number of animal species in the presence of mannose [1]. The first colonization
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factor, termed colonization factor antigen I (CFA/I) was identified in 1975 as a
single fimbrial antigen [2] and was found on E. coli which produce heat-stable (ST)
or ST and heat-labile (LT) enterotoxins. Since that time other factors have been
identified. Two groups of antigens have been associated with ST+ or ST+ LT+

strains. Strains producing CFA/II possess one or other of the fimbrial coli surface-
associated (CS) antigens CS1 or CS2 and a fibrillar antigen CS3, or may possess CS3
alone [3, 4]. ETEC producing CFA/IV may have the fimbrial antigen CS4 or CS5
and a second antigen, CS6 [5] or they may produce CS6 without CS4 or CS5 [6].
A number of fimbriae have been described which have similar properties to the
well-characterized antigens CFA/I, CFA/II and CFA/IV. These fimbriae are
potentially colonization factors although they have not been tested for their
ability to colonize man. These factors, which are antigenically distinct comprise:
CFA/III found on LT+ strains [7], putative colonization factor (PCF)O159.H4
(PCFO159) on ST+ LT+#. coli [8], PCFO166 on ST+ and ST+ LT+ strains [9], CS17
on LT+ strains [10], CS7 found on E. coli 334 [11, 12] and other ST+ LT+ and LT+

strains and PCFO9 found on LT+ E. coli [13].
Surveys of ETEC have shown that some colonization factors, i.e. CSl or CS2

with CS3, CS4 with CS6, CFA/III with CS6 and PCFO159, are associated with one
or two serogroups of E. coli [3-5, 14, 15]. The range of serogroups associated with
other colonization factors, i.e. CFA/I, CS3 as a single antigen, CS5 with CS6, CS6
without CS4 or CS5, CS7, PCFO166 and CS17 is much more diverse, ranging from
about 5 to 15 [6, 9, 10, 12, 14, 16, 17].

Experiments in rabbits and humans have shown that CFA/I and the CS
antigens of CFA/II and CFA/IV are protective antigens which have been
considered as potentially useful for vaccines [18-20] and it is likely that other
colonization factors could have a similar function. It is therefore important to
know the proportion of ETEC in a particular area which possess colonization
factors and the type of factor they produce. Early surveys of ETEC for the
presence of CFA/I gave varying results. An initial study found that 86% of ETEC
isolated from students becoming ill when visiting Mexico produced CFA/I [21] but
when a collection of ETEC from several countries and of different serotypes were
tested a much lower proportion of strains were found to produce this antigen (22).
Surveys of ETEC for the production of CFA/I, CFA/II and in some cases CFA/IV
again gave varying results, from 79 % colonization factor positive in a small study
in Chile [23], 75% in Bangladesh [16], 29% in Thailand [14, 17] to 23% in
travellers returning to Japan from South-East Asia [24].

Variations in the proportions of the colonization factor positive ETEC found
has been ascribed to loss of plasmids coding for CFAs during storage or subculture
[14] but may also be due to the fact that the strains were not screened for the new
colonization factors or that they did not possess any known factor. We have now
examined batches of strains from three different geographical areas, Burma,
central Africa (Rwanda and Zaire) and Peru to determine the prevalence of all
the colonization factors described above. All the cultures were checked for the
presence of toxin genes at the time of screening.
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MATERIALS AND METHODS

Bacterial strains
The ETEC to be screened for colonization factors were isolated from diarrhoeal

cases in Burma, central Africa (Rwanda and Zaire) and Peru. They were checked
for enterotoxin production and serotyped in the Division of Enteric Pathogens.

0 and H serotyping
The ETEC were tested with antisera for O groups 1-170 and for 53 H antigens

[25].

Enterotoxin testing for ST and LT
Two methods of testing were used for each enterotoxin. Initially ST production

was detected in the infant mouse [2G] and LT production with Y-l adrenal cells
in tissue culture as previously described (27). Later DNA probes were also used to
check that the strains still carried toxin genes. These probes comprised synthetic
oligonucleotides labelled with alkaline phosphatase and supplied in kit form
(SNAPr system; DuPont-NEN). The ST probe contained both STA1- and STA2-
specific sequences. Hybridization to colonies was done by methods recommended
by the manufacturer [28].

Preparation of antisera
Standard ETEC strains which were positive for CFA/I, CS1-CS3, CFA/III,

CS4-CS6, CS7, PCFO9, PCFO159, PCFO166 and CS17 were used to prepare a
formalinized suspension containing about 109 bacteria ml"1 for use as vaccines in
rabbits as previously described [4]. Specific antisera were prepared by absorbing
them with the appropriate colonization factor-negative variants.

Enzyme-linked immunosorbent assays (ELISA)
Strains to be tested in ELISAs were streaked on CFA agar slopes containing

bile salts (1-5 g/1) [9]. The cultures were suspended in 2 ml 005 M carbonate/
bicarbonate buffer (pH 9-6) and heated at 60 °C for 30 min. The ELISAs were done
as previously described [15]. The heated suspensions were used to coat microtitre
plates. Colonization factors were identified with specific absorbed antisera or IgG.
Binding of the antibody was detected using anti-rabbit IgG peroxidase conjugate.
The substrate was prepared by adding 9 mg o-phenylenediamine and 40 /i\ 30%
(v/v) H2O2 to 25 ml 0-1 M sodium phosphate buffer (pH 6*0); 100 /i\ was added to
each well and the plates were incubated in the dark at room temperature for
10 min. Sulphuric acid (2 M, 25 ft\) was added to each well to stop the reaction.
Initially the strains were tested for CFA/I, CS3, CFA/III, CS6, CS7, PCFO9,
PCFO159, PCFO166 and CS17. They were not screened for CS1, CS2, CS4 or CS5
because apart from a few CS2-positive strains described by Smyth [3] all CS1 and
CS2 producing strains also had CS3 [3, 4] and all CS4- and CS5-producing strains
had CS6 [5, 14]. After the initial screening CS3- and CS6-positive strains were
tested with antisera against CS1 and CS2 or CS4 and CS5 as appropriate.
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Table 1. Colonization factors of ETEC isolated in Burma

Colonization
factor

CFA/I

CS2, CS3
CS3
CS4, CS6
CS5, CSG
CSG

CS7

PCFO159
PCFO166
CS17

No. of strains

Serotype

0126.H12
0128.H12
0G.H16
08. H9
025. H42
O115.H5
027. H"
0169. H"
0114.H"
0114.H rough
0159. H20
O20.H-
08. H9
O167.H5

with colonization
Total no. of strains tested

Enterotoxin

ST
ST
ST, LT
ST, LT
ST, LT
ST
ST
ST
LT
LT
ST, LT
ST, LT
LT
LT

factors

No. of
strains*

3 (8)
12 (30)
1 (2)
1 (2)
2 (5)
1 (2)
1 (2)
1 (2)
3 (8)
1 (2)
1 (2)
1 (2)
1 (2)
1 (2)

30 (71)
42

Twelve strains did not possess colonization factors: LT+, O7.H18 (2); O17.H51 (1);
0128.H12 (2); 0?.H7 (1); ST+, 08.H" (1); 0126.H30 (1); ST+ LT+, O6.H16 (1); O8.H21 (1);
017.H18 (2).

* Numbers in parentheses are percentages of strains possessing colonization factors.

Table 2. Colonization factors of ETEC isolated in central Africa [Rwanda and
Zaire)

Colonization
factor

CFA/I
CS5, CSG
CSG

CS17

Serotype

0127. H21
029. H21
09a. H21
027. H7
O30.H10
O104.H rough
08. H9
0114.H21

Enterotoxin

ST
ST
ST
ST
ST
LT
LT
LT

No. of
strains*

13(12)
9 (8)

11(10)
7 (7)
7 (7)
1 (1)

17 (15)
10 (9)

No. of strains with colonization factors 75 (69)
Total no. of strains tested 107

Thirty-two strains did not possess colonization factors: LT+, 08.H9 (9); 064.H~ (5);
088.H25 (3); O105.H18 (6); 0136.H9 (1); 0141.H27 (2); 0141.H~ (1); ST+, 076.H21 (5).

* Numbers in parentheses are percentages of strains possessing colonization factors.

RESULTS

Forty-two strains from Burma were examined; they included 20 ST+, 12 LT+

and 10 ST+ LT+, E. coli. (Table*!). Thirty-eight percent of the total E. coli tested
produced CFA/I and 80% of these belonged to serotype 0128.H12. These
ST+ CFA/I+ strains were the most common type. The other most frequent groups
of strains were those producing CFA/IV (11%), CS7 (10%), and CFA/II (4%).
Twelve strains (29%) were negative for all the colonization factors. Six of these
strains were LT+, two were ST+ and four were ST+ LT+.
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Table 3. Colonization factors of ETEC isolated in Peru

Colonization
factor

CS2, CS3
CS3
CFA/III, CSG
CS4, CSC
CSS, CSG
CSC

CS7

PCFO9

PCFO1G0

CS17
No. of strains

Serotype

OG.H1G
O8.H-
O25.H-
025. H"
0128.H2
0128.H"
0148.H28
O?.H1
0103. H49
O114.H49
09. H"
0143.H19
0?.H"
078.H18
O1GG.H27
08. H9

with colonization
Total no. of strains tested

Entero toxin

ST, LT
ST, LT
LT
ST, LT
ST
ST
ST, LT
ST
LT
LT
LT
LT
LT
ST
ST
LT

factors

ho i. Of

strains*

2
1
1
1
2
3
1
1
1
2
1
1
1
2
2
3

(4)
(2)
(2)
(2)
(4)
(7)
(2)
(2)
(2)
(4)
(2)
(2)
(2)
(4)
(4)
(7)

25 (52)
47

Twenty-two strains did not possess colonization factors: LT+, 03. H1 (1); 03. H9 (1); 08. H"
(2);O41.H30(l);O80.H10(l);O159.H4(2);O?.H7(l);O?.H19(3);O?.H2G(l);O?.H-(l);
ST+,O8.H1 (l);O?.H-(l);ST+LT+;Ol09.H45 (4), 0113.H~ (1); 0?H" (1).

* Numbers in parentheses are percentages of strains possessing colonization factors.

Fifty-two ST+ and 55 LT+ E. coli were received from central Africa (Table 2).
Among the E. coli on which a colonization factor was detected were ST+ strains
producing CS antigens of the CFA/IV complex (33%), LT+ CS17+ E. coli (24%)
and ST+ CFA/I producing E. coli of serotype 0127. H21 (12%). One LT+ E. coli
of serotype O104.H round produced CSG. No other colonization factors were
detected. Of the 32 strains (31 %) which did not produce a known colonization
factor, 27 were LT+ of 7 different serotypes and 5 were ST+ of serotype 076. H21.

The Peruvian E. coli consisted of 12 ST+, 24 LT+ and 11 ST+LT+ strains.
CFA/I producing strains were not detected in the group tested here (Table 3). The
largest group of strains (17%) were CFA/IV positive. The other PCF producing
strains were of seven different types. Among the 22 strains (48%) which did not
produce known colonization factors, 14 were LT+ of 10 different serotypes, 2 were
ST+ of 2 serotypes and 6 were ST+ LT+ of 3 serotypes.

DISCUSSION
The highest proportion of ETEC with colonization factors were detected in the

Burmese strains. As in previous surveys of Asian strains [14, 1C, 17] CFA/I+

strains formed the largest group (38%). Testing for new colonization factors
CFA/III, PCFO159, PCFO166, CS7, CS17 and PCF09 increased the number of
identifiable colonization factor positive strains by 17%. Among the central
African ETEC CFA/I+ strains also formed a substantial proportion (12%),
however the largest group of ETEC with an adhesion factor possessed CS antigens
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of the CFA/IV complex (33%) and the new factor, CS17 (24%). There were no
CFA/II-producing strains, which correlated with the fact that no ST+ LT+ strains
were received. Previous work has shown that the plasmids which code for CPA/II
also code for ST and LT [29]. The Peruvian ETEC were very mixed; no CFA/I+

strains were detected; the largest group (15%) of CFA positive ETEC possessed
antigens of the CFA/IV complex.

In the three surveys detection rates for possible colonization factors of 52, 69
and 7 1 % were achieved. Several reasons can be advanced to explain why these
detection rates were not higher. Most plasmids which code for CFAs also code for
toxin production [8, 9, 28-31). We reduced the loss of CFAs due to plasmid
instability by testing for toxigenicity immediately prior to ELISA testing and by
only using positive toxin producers. However alterations can also occur to
plasmids that result in loss of CFA without loss of toxin production [28] so that
strains which were originally CFA and toxin producing may now only be
toxigenic. Such an alteration probably occurred in an ST+ LT+ strain of serotype
O6.H16 from Burma.

It has also been suggested that some strains which produce only LT may not be
pathogenic and may never have possessed a colonization factor since in some
surveys they are found as frequently in controls as patients with diarrhoea and
because they are found in a wide variety of serotypes [17, 32, 33]. In these surveys
also the strains in the greatest variety of serotypes are LT only producers and
some of these strains may be non-pathogenic. However among the strains we have
screened were several LT+ strains with the putative colonization factors,
CFA/III+ CS6, PCF09, CS7 and CS17. An LT+ strain of serotype 025.H~ like the
CFA/III"1" strain has been shown to be pathogenic [34] and experiments using the
RITARD model suggest that strains producing two of these factors, CS7 and CS17
are able to colonize rabbits (A.-M. Svennerholm, personal communication). Much
of the original work on colonization factors was done on strains which came from
Asia. Some of the strains from Africa and South America which apparently do not
possess colonization factors are of serotypes uncommon in these Asian strains and
they may well possess new colonization factors.

Although the number of strains tested was small, the surveys show the great
diversity of serotypes of ETEC in the different geographical areas. The variation
in the types of colonization factors found between regions is much less. Relatively
fewer colonization factors than 0 groups would be required to cover the same
number of ETEC; an important consideration for the construction of a vaccine.
These and other surveys have shown that the majority of the ETEC in each area
which do not have detectable colonization factors produce LT. In a large field trial
of an oral vaccine cholera-B subunit was shown to be protective against ETEC
producing LT [35]. A prototype oral vaccine consisting of a mixture expressing
the most important CFAs and cholera-B subunit is currently being tested in
volunteers in Sweden (A.-M. Svennerholm, personal communication).

ACKNOWLEDGEMENTS

We would like to thank Dr P. de Mol, Centre Public d'Aide Sociale de Bruxelles,
Belgium and Dr U. A. T. Batu, Department of Medical Research, Rangoon,

https://doi.org/10.1017/S0950268800067522 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268800067522


Prevalence of colonization factors on ETEC 483
Burma for ETEC strains. This work was supported by a grant from the Diarrhoeal
Diseases Control Programme of the World Health Organization.

REFERENCES

1. MooiFR, de GraafFK. Molecular biology of fimbriae of enterotoxigenic Escherichia coli.
Curr Top Microbiol Immunol 1985; 118: 119-38.

2. Evans DG, Silver RP, Evans DJ, Jr, Chase DG, Gorbach SL. Plasmid-controlled colon-
ization factor associated with virulence in Escherichia coli enterotoxigenic for humans.
Infect Imraun 1975; 12: 656-67.

3. Smyth CJ. Two mannose-resistant haemagglutinins on enterotoxigenic Escherichia coli of
serotype O6.K15.H16 or H" isolated from travellers' and infantile diarrhoea. J Gen
Microbiol 1982; 128: 2081-96.

4. Cravioto A, Scotland SM, Rowe B. Hemagglutination activity and colonization factor
antigens I and II in enterotoxigenic and non-enterotoxigenic strains of Escherichia coli
isolated from humans. Infect Immun 1982; 36: 189-97.

5. Thomas LV, McConnell MM, Rowe B, Field AM. The possession of three novel coli surface
antigens by enterotoxigenic Escherichia coli strains positive for the putative colonization
factor PCF8775. J Gen Microbiol 1985; 131: 2319-26.

6. McConnell MM, Thomas LV, Scotland SM, Rowe B. The possession of coli surface antigen
CS6 by enterotoxigenic Escherichia coli of serogroups 025, 027, 0148 and 0159: a possible
colonization factor. Curr Microbiol 1986; 14: 51-4.

7. Honda T, Arita M, Miwatani T. Characterization of new hydrophobic pili of human
enterotoxigenic Escherichia coli: a possible new colonization factor. Infect Immun 1984; 43:
959-65.

8. Tacket CO, Maneval DR, Levine MM. Purification, morphology and genetics of a new
fimbrial putative colonization factor of enterotoxigenic Escherichia coli 0159.H4. Infect
Immun 1987; 55: 1063-9.

9. McConnell MM, Chart H, Field AM, Hibberd M, Rowe B. Characterization of a putative
colonization factor (PCFO166) of enterotoxigenic Escherichia coli of serogroup 0166. J Gen
Microbiol 1989; 135: 1135-44.

10. McConnell MM, Hibberd M, Field AM, Chart H, Rowe B. Characterization of a new
putative colonization factor (CS17) from a human enterotoxigenic Escherichia coli of
serotype O114.H21 which produces only heat-labile enterotoxin. J Infect Dis 1990; 161:
343-7.

11. DenekeCF, ThorneGM, Gorach SL. Serotypes of attachment pili of enterotoxigenic
Escherichia coli isolated from humans. Infect Immun 1981; 32: 1254-60.

12. Hibberd ML, McConnell MM, Field AM, Rowe B. The fimbriae of human enterotoxigenic
Escherichia coli strain 334 are related to CSS fimbriae. J Gen Microbiol 1990; 136: 2449-56.

13. Heuzenroeder MW, Elliot TR, Thomas CJ, Halter R, Manning PA. A new fimbrial type
(PCF09) on enterotoxigenic Escherichia coli O9.H~LT+ isolated from a case of infant
diarrhea in Central Australia. FEMS Microbiol Lett 1990; 66: 55-60.

14. McConnell MM, Thomas LV, Day NP, Rowe B. Enzyme-linked immunosorbent assays for
detection of adhesion factor antigens of enterotoxigenic Escherichia coli. J Infect Dis 1985;
152: 1120-7.

15. McConnell MM, Rowe B. Prevalence of the putative colonization factors CFA/III and
PCFO159.H4 in enterotoxigenic Escherichia coli. J Infect Dis 1989; 159: 582-6.

16. Ahren CM, Gothefors L, Stoll BJ, Saiek MA, Svennerholm A-M. Comparison of methods
for detection of colonization factor antigens on enterotoxigenic Escherichia coli. J Clin
Microbiol 1986; 23: 586-91.

17. Changchawalit S, Echeverria P, Taylor DN, Leksomboon U, Tirapat C, Eampokalap B,
Rowe B. Colonization factors associated with enterotoxigenic Escherichia coli isolated in
Thailand. Infect Immun 1984; 45: 525-7.

18. Evans DG, Graham DY, Evans DJ, Jr, Opekun A. Administration of purified colonization
factor antigens (CFA/I, CFA/II) of enterotoxigenic Escherichia coli to volunteers. Response
to challenge with virulent enterotoxigenic Escherichia coli. Gastroenterology 1984; 87:
934-40.

https://doi.org/10.1017/S0950268800067522 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268800067522


484 M. M. MCCONNELL AND OTHERS

19. LevineMM, Morris JG, LosonskyG, BoedekerE, RoweB. Fimbriae (pili) adhesins as
vaccines. In: Lark D, Normark S, Brent-Uhlin E, eds. Molecular biology of microbial
pathogenicity. London: Academic Press, 198G; 143-5.

20. Svennerholm A-M, Lopez Vidal Y, Holmgren J, McConnell MM, Rowe B. Role of PCF8775
antigen and its coli surface subcomponents for colonization, disease and protective
immunogenicity of enterotoxigenic E. coli in rabbits. Infect Immun 1988; 56: 523-8.

21. Evans DG, Evans DJ, Jr, TjoaWS, DupontHL. Detection and characterization of
colonization factor of enterotoxigenic Escherichia coli isolated from adults with diarrhoea.
Infect Immun 1978: 19: 727-36.

22. 0rskov I, 0rskov F. Special O:K:H serotypes among enterotoxigenic E. coli strains from
diarrhea in adults and children. Mol Microbiol Immunol 1977; 163: 99-110.

23. Aguero ME, Reyes L, Prado V, 0rskov I, 0rskov F, Cabello FC. Enterotoxigenic
Escherichia coli in a population of infants with diarrhea in Chile. J din Microbiol 1985; 22:
570-81.

24. Thomas LV, Rowe B. The occurrence of colonisation factors (CFA/I, CFA/II and E8775)
in enterotoxigenic Escherichia coli from various countries in South East Asia. Med Microbiol
Immunol 1982; 171: 85-90.

25. Gross RJ, Rowe B. Serotyping of Escherichia coli. In: Sussman M, ed. The virulence of
Escherichia coli. Reviews and methods. London: Academic Press, 1985; 345-63.

26. Dean AG, Ching Y-C, Williams RG, Harden LB. Test for Escherichia coli enterotoxin using
infant mice: application in a study of diarrhea in children in Honolulu. J Infect Dis 1972;
125:407-11.

27. Donta ST, Moon HW, Whipp SC. Detection of heat-labile Escherichia coli enterotoxin with
the use of adrenal cells in tissue culture. Science 1974; 183: 334-6.

28. McConnell MM, Thomas LV, WillshawGA, Smith HR, RoweB. Genetic control and
properties of coli surface antigens of colonization factor antigen IV (PCF8775) of
enterotoxigenic Escherichia coli. Infect Immun 1988; 56: 1974-80.

29. McConnell MM, Smith HR, Willshaw GA, Field AM, Rowe B. Plasmids coding for colon-
ization factor antigen 1 and heat-stable enterotoxin production isolated from entero-
toxigenic Escherichia coli: comparison of their properties. Infect Immun 1981; 32: 927-36.

30. Smith HR, Scotland SM, Rowe B. Plasmids that code for production of colonization factor
antigen II and enterotoxin production in strains of Escherichia coli. Infect Immun 1983; 40:
1236-39.

31. Thomas LV, Rowe B, McConnell MM. In strains of Escherichia coli 0167 a single plasmid
encodes for the coli surface antigens CS5 and CS6 of putative colonization factor PCF8775,
heat-stable enterotoxin and colicin la. Infect Immun 1987; 55: 1929-31.

32. Cravioto A, Reyes RE, Ortega R, Fernandez G, Hernandez R, Lopez D. Prospective study
of diarrhoeal disease in a cohort of rural Mexican children: incidence and isolated pathogens
during the first two years of life. Epidemiol Infect 1988; 101: 123-34.

33. Reis MLH, Matos DP, Pestana de Castro AF, Toledo RF, Trabulsi RL. Relationship
among enterotoxigenic phenotypes, serotypes and sources of strains in enterotoxigenic
Escherichia coli. Infect Immun 1980; 28: 24-7.

34. Levine MM, Nalin DR, Hoover DL, Berquist EJ, Hornick RB, Young CR. Immunity to
enterotoxigenic Escherichia coli. Infect Immun 1979; 23: 729-36.

35. Clemens JD, Sack DA, Harris JR, et al. Cross-protection by B subunit-whole cell cholera
vaccine against diarrhea associated with heat-labile toxin-producing enterotoxigenic
Escherichia coli: results of a large-scale field trial. J Infect Dis 1988; 158: 372-7.

https://doi.org/10.1017/S0950268800067522 Published online by Cambridge University Press

https://doi.org/10.1017/S0950268800067522

