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FIG. 5. Negative stain electron micrographs showing immunogold-labeled CS6 antigen on CS6-only (A) and CS4-plus-CS6-producing (B)
ETEC. Fine ~2-nm-diameter fibrils (arrows) were occasionally seen projecting from the surface of CS6-only (C), CS5-plus-CS6-carrying (D),
and other CS6-carrying ETEC. Magnification: A and B, x85,000; C and D, x160,000.
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FIG. 6. Transmission electron micrographs showing fimbrially mediated adhesion of ETEC to cultured human duodenal mucosa. CSS
fimbriae of strain E17018A visualized by ruthenium red staining (A) and CS4 fimbriae of strain E11881A visualized with gold-labeled antibody
(B) are seen to promote brush border attachment of bacteria (A and B, arrows). No evidence of CS6-mediated adhesion was apparent when
the CS6 antigen of strain E11881A was visualized with gold-labeled antibody (C, arrows).
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FIG. 7. Negative stain preparations of bacteria showing structures produced by ETEC serotypes 027:H7, 027:H20, O148:H28, and
0159:H20 in addition to CS6. Strains E3135A (027:H7) (A), E18519A (0159:H20) (B), and E25117A (0148:H28) (C) produced fine fibrillar
surface structures, whereas strain E24133A (027:H20) (D) produced distinct rodlike fimbriae. Magnification, x100,000.

be due to a lack of receptors on human duodenal enterocytes
in general or on some individuals in particular. The latter
possibility is unlikely, however, since the CS6-only strains
were tested with cells from at least 12 different individuals.
Colonization of rabbits by CS6-only strains occurred in the
ileum (18); it would therefore be of interest to test human
ileum (or jejunum) to determine whether receptors for CS6
are present on enterocytes in these regions of the gastroin-
testinal tract. Another possibility is that nonadherence is due
to insufficient production of CS6 by the CS6-only strains
examined. Expression of adhesion fimbriae is frequently
dependent on bacterial growth conditions. Indeed, in this
study, we found that expression of CS4 and CS5 was very
variable when bacteria were grown on CFA agar and that
good adhesion to human enterocytes only occurred when
there was good expression of these antigens. It was notice-
able in the antibody-labeling experiments that CS4, CS5, and
other putative fimbrial and fibrillar adhesion antigens were
produced in much greater amounts than the CS6 antigen.
Bacterial growth in rabbit ileum may favor good production
of CS6 in contrast to the CFA agar and tissue culture
medium used in this study, which could explain the success-
ful colonization of rabbit intestines by CS6-only ETEC and
their failure to colonize cultured human intestinal mucosa.
The ultrastructural studies confirmed previous reports that
CFA/III, CS4, and CSS5 are rodlike fimbrial structures (8, 20,

21). CS4 is morphologically similar to several other human
ETEC colonization factors, including CFA/I and the CS1
and CS2 antigens of CFA/II (10, 12). CFA/III is somewhat
thicker (7 to 8 nm) and more flexible since it was frequently
seen folded back on itself. A helical structure in CS5 (also
designated CFA/V [13]) has been noted previously, but the
higher-resolution micrographs obtained in this study clearly
suggest a double-helical structure for CSS5 fimbriae; addi-
tional structural analysis of the micrographs will, of course,
be required to confirm this apparently unique fimbrial struc-
ture.

Although CS6 was identified immunologically at the sur-
face of all CSé6-positive ETEC, it was not possible to
correlate routinely expression of CS6 with a particular
surface fimbrial or fibrillar structure. For similar reasons,
CS6 previously has been designated a nonfimbrial antigen
(21). Fine fibrils, which could be CS6, were occasionally
seen extending from the bacterial surface of some CS6-
producing ETEC, but there was not a direct correlation
between CS6 detected by immunolabeling and such fibrils
detected by negative staining. Nevertheless, the appearance
of immunolabeled CS6 extending a considerable distance
from the bacterial surface is similar to that seen for CS3,
another fine fibrillar colonization factor (12), and suggests a
similar fine fibrillar structure for CS6. Wolf et al. recently
came to a similar conclusion (23). It is our experience that
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fine fibrillar colonization factors are particularly difficult to
demonstrate by negative stain electron microscopy, and it
may be that, without stabilization by antibody, CS6 fibrils
collapse onto the bacterial surface during preparation for
electron microscopy, thus making their demonstration even
more difficult.
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