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A hemagglutination (HA) typing system has been developed for demonstrating
and characterizing the mannose-sensitive and mannose-resistant hemagglutinins
produced by Escherichia coli isolated from human sources. HA typing is per-
formed by testing CFA agar-grown E. coli cells for HA with human, bovine, adult
chicken, African Green monkey, and guinea pig erythrocytes in the presence and
absence of mannose. Seven major HA types, designated HA type I through HA
type VII, have been defined according to the HA patterns produced by 1,334 test
cultures consisting of 33 colonization factor antigen I (CFA/I)-positive enterotox-
igenic E. coli (ETEC), 37 CFA/Il-positive ETEC, 614 isolates belonging to the
classical enteropathogenic E. coli, or EPEC, serogroups, 446 non-ETEC, non-
EPEC stool isolates, and 204 bacteremia-associated E. coli. Facultatively enter-
opathogenic E. coli (FEEC) serogroups, which are the causative agents of extrain-
testinal infections but also sporadic cases of enteritis, comprised 38% of the stool
isolates and 91% of the blood isolates examined. Previous observations concerning
the HA patterns of CFA-positive ETEC and the EPEC were confirmed. A
significant correlation was found between FEEC serogroups and the production
of mannose-resistant HA with human, monkey, and usually chicken erythrocytes
(the HA patterns designated HA type VI). A large majority (80.2%) of the FEEC
strains belonging to the most frequently isolated serogroups from cases of bacter-
emia (01, 02, 04, 06, 07, and 0O18) produced type VI HA patterns. Stool isolates
belonging to these same serogroups were 59.2% positive for HA type VI patterns.
In contrast, only 17.4% of the non-FEEC stool isolates and 1.9% of the EPEC
isolates belong to HA type VI. Of the blood isolates, the HA type VI phenotype
was two times more prevalent among K1-positive E. coli than among K1-negative
E. coli, 70.6 versus 31.1%. These results suggest that surface-associated hemag-
glutinins of E. coli, many of which are known to be fimbriae, should be considered
in addition to serotype (O:K:H antigenicity) in the description of isolates.

We previously described a hemagglutination
(HA) typing system for Escherichia coli based
upon tests for HA of human, bovine, chicken,
and guinea pig erythrocytes in the presence and
absence of mannose (11). The impetus for de-
velopment of this HA typing system was that
the fimbrial colonization factor antigens CFA/I
and CFA/II of enterotoxigenic E. coli (ETEC)
are detectable as mannose-resistant (MR) he-
magglutinins (7). CFA/I fimbriae mediate
MRHA of human, bovine, and chicken erythro-
cytes, and CFA/II fimbriae mediate that of only
bovine and chicken erythrocytes. Neither CFA/
I nor CFA/II exhibits mannose-sensitive (MS)
HA. Thus, CFA-positive E. coli are clearly dis-
tinguishable from E. coli possessing only com-
mon fimbriae which mediate MSHA with hu-

man, chicken, and guinea pig, but not bovine,
erythrocytes. As we reported (11), a significant
proportion of enteropathogenic E. coli (EPEC;
e.g., serogroups 055, 086, 0111, O119) were
found to produce MS-type hemagglutinin(s) de-
tectable with chicken and guinea pig, but not
human or bovine, erythrocytes, and this HA
pattern was termed HA type IIL Intestinal iso-
lates belonging to the facultatively enteropath-
ogenic E. coli, or FEEC, serogroups associated
with sporadic diarrhea (4, 5) and extraintestinal
infections such as meningitis, urinary tract infec-
tions, and bacteremia were also found to exhibit
the type III HA pattern; however, a relatively
small number of these E. coli were available at
that time. The work reported here was carried
out for several reasons. One purpose was to
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expand the HA typing system to better charac-
terize E. coli present in the normal intestine of
humans (non-EPEC and non-ETEC, but includ-
ing the FEEC). Another goal was to characterize
the HA patterns of FEEC isolated from cases of
bacteremia (mostly serogroups 01, 02, 04, 06,
07, and 018) since these are the serogroups most
frequently associated with extraintestinal E. coli
infections.

MATERIALS AND METHODS

Bacterial cultures. The ETEC isolates used in
this investigation were either CFA/I- or CFA/II-pos-
itive E. coli which produce both heat-stable and heat-
labile enterotoxins (7, 10, 11). The EPEC cultures (351
isolates) used in the previous investigation (11) were
also used here to describe the results obtained with
the expanded HA typing system. However, 263 addi-
tional EPEC isolates were either obtained from local
sources or kindly contributed by other investigators
upon request. E. coli isolates representing the non-
ETEC, non-EPEC intestinal flora (446 isolates) were
obtained mainly from the stools of healthy (nondi-
arrhea) individuals participating in studies in which
EPEC or ETEC or both were sought (7, 11). Approx-
imately 38% of these 446 isolates belong to the FEEC
serogroups; this is a common observation and consist-
ent with the idea that the normal flora population is
the reservoir of these opportunistic pathogens. E. coli
isolated from blood specimens (204 different strains
isolated from cases of bacteremia) were used to rep-
resent extraintestinal FEEC, and 91% (105 of 115
serotyped) were confirmed as FEEC. The majority of
these isolates were obtained by one of the authors
(L.S.Y.) from clinical cases to be described elsewhere,
and approximately 10% were isolated by another au-
thor (J.P.) (21, 22) and were originally selected as K1-
positive E. coli. Serotyping of these E. coli isolates
was performed, by standard methods, in Houston,
using anti-O and anti-H sera obtained from the Center
for Disease Control, Atlanta, Ga.

Culture conditions. Stock cultures were main-
tained on agar slants composed of 2% peptone-0.5%
NaCl-2% agar at room temperature. All HA tests were
performed as described below with cells grown for 18
to 24 h on CFA agar (9), which consists of 1% Casamino
Acids (Difco) and 0.15% yeast extract (Difco) plus
0.05% MgSO, and 0.0005% MnCl,, with 2% agar added
(pH approximately 7.4). The culture conditions were
selected to enhance production of fimbriae (8, 9, 13).

Assay for K antigens. Test strains were examined
for production of capsular, or K, polysaccharide anti-
gens as follows. Each test strain was grown for 18 h at
37°C in a large Roux bottle. The cells were harvested
into 10 ml of phosphate-buffered saline, pH 7.2. Cap-
sular polysaccharide was extracted by heating the cell
suspensions at 60°C for 20 min in a large screw-cap
tube, and the bacterial cells were removed by centrif-
ugation at 18,000 X g for 20 min and discarded (19,
20). Virtually all of the bacteremia-associated E. coli
were found to possess acidic polysaccharide antigens,
according to the results obtained with several different
assay systems. These assays were the HA inhibition
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test (2) and the erythrocyte sedimentation assay (2)
performed with anti-K serum as well as with anti-
Neisseria meningitidis group B (Difco) serum (21-23)
in the case of the K1 antigen.

HA typing. Type A human blood was drawn from
volunteers and placed into a tube containing 1.0 ml of
3.8% citric acid in distilled water per 9.0 ml of blood.
Blood was diluted 1:4 with phosphate-buffered saline
to test for HA and 1:4 with 1% mannose in phosphate-
buffered saline to test for MRHA. The same procedure
was used for blood freshly drawn from guinea pigs and
for bovine, adult chicken, and African Green monkey
erythrocytes obtained from Flow Laboratories, Inc.,
McLean, Va.

HA tests were performed by slide agglutination as
follows. Bacterial cells from CFA agar cultures (see
above) were picked up with a sterile wooden toothpick
and mixed with a drop of the appropriate species of
blood (approximately 20 ul) on a glass slide at room
temperature. After observation for HA for about 1
min, the slides showing less than maximum HA were
placed on the surface of ice and observed for a least 2
min, with intermittent mixing by rotation of the slide.
Results were recorded at 4+ when the HA reaction
was instantaneous and complete, involving all the
erythrocytes. Lesser degrees of HA were recorded as
3+, 2+, 1+, or negative (11). HA was denoted as
resistant (MRHA) if the same degree of HA occurred
with and without mannose and as sensitive (MSHA)
if HA was prevented or grossly reduced by the pres-
ence of mannose. For consistency each test strain was
tested first with erythrocytes in phosphate-buffered
saline in the following order: human, bovine, chicken,
monkey, guinea pig. If positive for HA, the test was
repeated with the appropriate species of erythrocytes
in phosphate-buffered saline plus mannose. There was
only one circumstance, which occurred infrequently,
in which an HA pattern could not be obtained; a few
rough (untypable) isolates of E. coli were found to
produce MRHA with every species of erythrocyte
tested, but this HA was not typical and therefore, was
easily recognized.

RESULTS

HA typing of E. coli isolates with human,
bovine, chicken, monkey, and guinea pig
erythrocytes tested in the presence and ab-
sence of mannose. CFA-positive ETEC were
tested mainly to discover whether CFA/I or
CFA/II might be detectable by MRHA of mon-
key erythrocytes. E. coli possessing these fim-
briae did not react with monkey erythrocytes,
except that MSHA was produced by those
strains which also produced MSHA with guinea
pig erythrocytes (Table 1). It can also be seen
that strains typed as HA type III-A and HA type
IV-A (i.e., strains producing MSHA with guinea
pig and chicken erythrocytes with or without
MSHA of human erythrocytes, but no detecta-
ble MRHA) also produced MSHA with the mon-
key erythrocytes. None of the strains tested
produced MSHA or MRHA exclusively with
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TABLE 1. Results obtained with expanded HA typing system using CFA-positive ETEC, EPEC, intestinal
E. coli (non-ETEC, non-EPEC) isolates, and extraintestinal, bacteremia-associated isolates of E. coli

HA with:*  CFA/I E. coli isolated from:
CFA/I-posi- i
HA type tive E.coli  POSitive E. gpEC
b

Hu Bv Ck Mk Gp (ETEO o Stool Blood
I-A R R R - - 30 (90.0)¢ 0 0 0 0
I-B R R R S 3(9.1) 0 0 1(0.2) 3(1.5)
I1I-A - R R - - 0 29 (78.2) 1(0.2) 1(0.2) 0
II-B - R R S S 0 6 (16.2) 0 1(0.2), 0
I1I-C S R R S S 0 2(5.4) 1(0.2) 0 1(0.5)
1l-A - - 8 8 s o 0 236 (384)  41(9.2)  25(12.3)
IV-A S - 8 8§ S o 0 60 (9.8) 69 (155) 14 (6.7)
IV-B - - - - - 0 0 256 (41.7) 160 (35.9) 47 (23.0)
V-A R - - - - 0 0 4 (0.6) 34 (7.6) 12 (5.9)
V-B - R - - - 0 0 1(0.2) 0 0
Vv-C - - R - - 0 0 10 (1.6) 17 (3.8) 1 (0.5)
V-D - - - R - 0 0 0 0 0
V-E - - - - R 0 0 2(0.3) 2(0.4) 0
V-F¢ R - S S 0 0 12 (2.0) 18 (4.0) 5 (2.5)
V-G (other) 0 0 2 (0.3)¢ 2 (0.4) 0
VI-A R - R R - 0 0 5(0.8) 42 (9.4) 37 (18.1)
VI-B R - R R S 0 0 5(0.8) 26 (5.8) 40 (19.6)
VI-C R - - R - 0 0 0 9 (2.0) 7(3.4)
VI-D R - S R S 0 0 2(0.3) 2(0.4) 5(2.3)
VI-E R - R R R 0 0 0 15 (3.4) 0
VI-F R - S R R 0 0 0 4 (0.9) 0
VI-G (other)* 0 0 0 0 4 (2.0)"
VII-A R R - - - 0 0 9 (1.5) 0 0
VII-B R R - S S 0 0 2(0.3) 0 0
VII-C v R R S S S 0 0 2(03) 0 0
VII-D (other)* 0 0 4 (0.6)’ 2 (0.4)* 3 (1.5)

2 Erythrocytes tested: Hu, human group A; Bv, bovine; Ck, adult chicken; Mk, African Green monkey; Gp,
guinea pig. R = MRHA; S = MSHA; — designates no HA.

® CFA-negative ETEC are not included here (see text).

¢ Numbers in parentheses are percentage of total for each group of E. coli listed.

9 This HA pattern was originally classified as HA type III (minor).

° Two isolates with HA pattern SRSSS.
/Two isolates with HA pattern R---S.

# Monkey MRHA included in HA pattern but not included in HA types VI-A through VI-F.
* Two isolates with HA pattern S-RRS; one with --RR-; one with -RRR-.
‘MRHA with both human and bovine erythrocytes plus other HA not listed, or miscellaneous HA patterns

not listed otherwise.

/ One isolate with HA pattern RRSSR; three with ----S.

* Two isolates with HA pattern ----S.
!Three isolates with HA pattern ----S.

monkey erythrocytes. Thus, inclusion of monkey
erythrocytes in the HA typing system did not
alter the results previously reported for HA
types I through IV, and these HA type designa-
tions have been retained (11). The HA patterns
grouped in type IV are those which have long
been assumed to be typical of E. coli, i.e., cells
with and without common fimbriae (11). In this
study, approximately one-half of the stool iso-

lates tested belong to HA type IV (Table 1).
Many E. coli isolates produce MRHA of hu-
man erythrocytes, which is a property of CFA/
I, although they prove to be CFA/I-negative by
serological tests and fail to produce MRHA with
bovine erythrocytes. The results shown in Table
1 show that these E. coli can be differentiated
into several different types according to their
HA reaction with chicken, monkey, and guinea
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pig erythrocytes. In particular, 203 of 300 CFA/
I-negative E. coli which produced MRHA with
human erythrocytes (67.7%) also produced
MRHA with monkey erythrocytes; these are
denoted HA type VI in Table 1. Since 98.1% of
the monkey MRHA -positive isolates (203 of 207)
are also human MRHA positive, it is likely that
the same factor mediates both reactions, al-
though this remains to be proven. The data also
show that MRHA of guinea pig erythrocytes
occurs independently of other MRHA reactions.

Classification of MRHA-positive E. coli
not belonging to HA types I, II, or VI. A
significant number of E. coli isolates (122 iso-
lates listed in Table 1) produced MRHA with
only a single species of erythrocytes, and 14
EPEC isolates produced MRHA with human
and bovine but not chicken or monkey erythro-
cytes. Those isolates producing monospecific
MR-type hemagglutinins are classified as HA
type V. Note that of 87 human (only) MRHA-
positive isolates, 37 (42.5%) also produced
MSHA; 35 of these were classified as a distinct
group (HA type V-F) because of an apparent
association with EPEC serogroups (11). Chicken
(only) MRHA-positive isolates were almost as
frequent as HA type V-F isolates, but bovine
(only) MRHA-positive and guinea pig (only)
MRHA-positive isolates were rare and no mon-
key (only) MRHA-positive isolates were found
among the 1,334 isolates tested.

Characterization of CFA-positive ETEC,
EPEC, stool isolates, and extraintestinal
isolates of E. coli according to HA type.
Data concerning the distribution of the five ma-
jor groups of E. coli HA typed by the expanded
system are presented in Table 2. Major points
of interest are as follows.
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CFA/I-positive ETEC belong exclusively to
the HA type I category, and only 10% of those
tested produced MS hemagglutinin(s) in addi-
tion to CFA/I. CFA/IlI-positive ETEC belong
exclusively to HA type II; only 21.6% of those
tested produced MS hemagglutinin(s) in addi-
tion to CFA/IL

Analysis of 614 E. coli isolates belonging to
the classical EPEC serogroups showed that
38.4% of these belong to HA type III, as opposed
to only 9.2% of 446 non-ETEC, non-EPEC stool
isolates. There is no particular association be-
tween any of the five E. coli groups and HA
type IV or HA type V.

It is of interest that 45.6% of the extraintes-
tinal E. coli isolates belong to HA type VI, i.e.,
produce MRHA with both human and monkey
and usually with chicken erythrocytes. This is
in contrast to 1.9% of the EPEC and 22% of the
normal flora, which includes FEEC serogroups
(approximately 38%). Note that the stool isolates
representing the normal flora are rather unre-
markable with respect to HA patterns.

HA patterns of E. coli FEEC serogroups
isolated from stool and blood. The E. coli
serogroups listed in Table 3 as FEEC have been
documented as the causative agents of a variety
of extraintestinal infections (5, 11, 14, 16, 18, 23,
31) and enteritis with or without extraintestinal
involvement (4, 20, 26). In the present study, 184
stool isolates (excluding ETEC and EPEC) and
115 isolates from blood were serotyped, and 62.5
and 91.3%, respectively, were found to be FEEC
on the basis of serogroup analysis. The major
FEEC serogroups found among both the stool
isolates and the bacteremia-associated isolates
were O1, 02, 04, 06, 07, 015, 018, and O75. It
may be noted that serogroup O4 was six times

TABLE 2. Distribution of CFA-positive ETEC, EPEC, stool, and extraintestinal isolates of E. coli
according to HA type: comparison of MS- and MR-type hemagglutinins of each group and further definition

of terms

Type of hemagglutinin CFA/l-posi- CFA/Il-pos- . . »  Extraintes-
HA type P produce%ig" tive E'IPEC itive ETPEC EPEC Stool isolates tinal isolates’
I Huy, Bv, Ck-MR 33 (100)¢ 0 0(0) 1(0.2) 3 (1.5)
II Bv, Ck-MR 0 37 (100) 2 (0.4) 2(0.4) 1 (0.5)
I Ck, Mk, Gp-MS 0 0 236 (38.4) 41 (9.2) 25 (12.3)
IV-A Hu, Ck, Mk, Gp-MS 0 0 60 (9.8) 69 (15.5) 14 (6.7)
IV-B None detectable 0 0 256 (41.7) 160 (35.9) 47 (23.0)
\Y% Monospecific-MR* 0 0 31 (5.0) 73 (16.2) 18 (8.9)
VI Hu, Mk-MR 0 0 12 (1.9) 98 (22.0) 93 (45.6)
VII Hu, Bv-MR 0 0 17 (2.7) 2 (0.4) 3 (1.5)

“ Minor variations, particularly production of MS-type hemagglutinins in addition to the designated MR-
type hemagglutinins, are designated by subgrouping (e.g., HA type I-B; see Table 1 for details and abbreviations).

» Stool isolates are non-ETEC, non-EPEC but do include FEEC serogroups (approximately 38%).

¢ Extraintestinal isolates of E. coli are primarily FEEC serogroups (approximately 91%).

“ Numbers designate number of isolates in each HA type, with percentage data in parentheses.

“ Example: HA type V-A—human (only) MR hemagglutinin.
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TaBLE 3. HA type of FEEC and non-FEEC
serogroups of E. coli isolated from stool and blood

No. of HA type:

Isolates
from:

Serogroup

=)
2
=

Stool 01
02
04
06
07
015
018
019
021
025
051
073
075
083
085
All FEEC
Non-FEEC

—
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Blood O1
02
04
06
07
015
018
019
021
025
051
073
075
083
085
All FEEC
Non-FEEC

—
NNONNOOOOO - - O b

FRNOCORCOOCCOWD WD m

X
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% FEEC 29 162 114 69.5

“ Percent distribution among HA types III, IV, V,
and VI; for further data on distribution, see Table 5.
No isolates belonging to serogroups 027, 078, or 0117
were found in these collections.

more prevalent in the group isolated from blood.
The data in Table 3 show that serogroups O1,
02, 04, 06, 07, and 018 (hereafter referred to
as the major FEEC serogroups) are primarily
responsible for the observed correlation between
source of isolation (blood) and HA type VI, since
69.5% of the blood isolates belong to this HA
type.

Table 4 summarizes the relationship between
production of specific HA patterns (particularly
HA type VI versus other HA types), FEEC
serogroups, and source of isolation. Note that
isolates belonging to the major FEEC sero-
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TABLE 4. Summary data: distribution of FEEC
and non-FEEC serogroups (number and percentage
of isolates) according to source (blood versus stool)

and HA type
No. of Distribution (%)
Group of E. coli  Source iso- among HA types:
lates 1 v v ow

Major FEEC sero- Blood 81 25 11.1 6.1 802
groups® Stool 71 85 183 14.1 59.2
All FEEC isolates® Blood 105 29 162 114 69.5
Stool 115 7.8 296 20.8 41.7

FEEC plus non- Blood 204 123 29.7 89 456
FEEC Stool 446 9.2 514 162 220
Non-FEEC Stool 69 174 566 8.7 174

“ Major FEEC serogroups are 01, 02, 04, 06, 07, and O18.
® For other FEEC serogroups, see Table 3.

TABLE 5. Relationship between production of K1
antigen and HA type in extraintestinal isolates of
E. coli

Distribution among iso-
lates belonging to the des-

Total no. (% K1

HA type ignated HA types positive)
K1 positive K1 negative

111 5 (7.4)° 36 (20.3) 41 (12.2)

1AY 12 (17.6) 60 (33.9) 72 (16.7)

v 3 (44) 26 (14.7) 29 (10.4)

VI 48 (70.6) 55 (31.1) 103 (46.6)

? Numbers in parentheses indicate percent distri-
bution.

groups were 80.2% positive for HA type VI when
isolated from blood and 59.2% positive for HA
type VI when isolated from stool. FEEC in the
intestine are also more likely to be found as HA
type VI isolates than non-FEEC serogroups in
the intestine (41.7 versus 17.4%, Table 4). In
addition, there is an inverse relationship be-
tween the occurrence of HA type VI E. coli and
HA type IV E. coli as a function of serogroup
and source of isolation (Table 4); this is appar-
ently the result of the close association between
FEEC serogroup and HA type VI.

Correlation between K1 antigen produc-
tion and HA type in E. coli isolated from
blood. The K1 antigen is considered by many
to be a major virulence factor of the FEEC (23).
In the present work, 245 isolates from blood
were analyzed for K1 production, and 27.7% were
found to be K1 positive. Table 5 shows the
occurrence of K1 antigen production in relation
to HA type with these isolates. It can be seen
that most (70.6%) of the K1-positive isolates also
belong to HA type VI, whereas the K1-negative
isolates are evenly distributed with respect to
HA type and in this respect resemble the general
stool flora. Also, of 103 isolates belonging to HA
type VI, 55 (46.6%) were K1 positive, and there
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was no correlation seen between K1 production
and any other HA type. These data (Table 4)
and other studies to be reported elsewhere show
that the K1 antigen is not responsible for HA
type VI but that both of these characteristics
are common to the FEEC.

DISCUSSION

The HA typing system described here is the
extension of a protocol originally designed for
the detection and presumptive identification of
ETEC possessing CFA/I and CFA/II, which are
fimbrial MR hemagglutinins (11). Two obser-
vations led us to expand the HA typing system
to include tests with monkey erythocytes. First,
E. coli isolated from non-ill individuals and par-
ticularly from extraintestinal sources were fre-
quently observed to produce MRHA with hu-
man erythrocytes, although they were serologi-
cally negative for CFA/I and negative for
MRHA with bovine or chicken erythrocytes or
both. Second, E. coli belonging to the EPEC
serogroups frequently failed to produce MSHA
with human erythrocytes, although they were
positive for MSHA with guinea pig erythrocytes,
a test for common fimbriae. Inclusion of HA
tests with monkey erythrocytes has provided
additional criteria for HA typing and has led to
the definition of seven major HA types which
describe virtually all of the major HA patterns
observed with human-associated E. coli. All ex-
cept one of the HA types encompass more than
one HA pattern, primarily because of the large
number of E. coli isolates which produce MRHA
with one or more species of erythrocyte plus
MSHA with other species of erythrocyte. Nev-
ertheless, each of the seven HA types can be
defined in relatively simple terms. HA types I
and II include the HA patterns produced by
ETEC possessing CFA/I and CFA/II, respec-
tively. E. coli belonging to HA types I and II
always produce MRHA with bovine erythro-
cytes and never produce MRHA with monkey
or guinea pig erythrocytes. Only 0.7% of 1,235
CFA-negative E. coli tested produced CFA-like
HA patterns, presumably because these produce
a combination of hemagglutinins which only
rarely occur.

Strains designated as belonging to HA type
III do not produce MRHA but do produce
MSHA with chicken, monkey, and guinea pig
erythrocytes. These are differentiated from
strains which also produce MSHA with human
erythrocytes (HA type IV-A); the laboratory
strain K-12 belongs to HA type IV-A, and this
strain is defined as possessing common fimbriae
(11). In the survey reported here, 78.1% (236 of
302) of the isolates exhibiting HA type III belong
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to the classical EPEC serogroups. It is unclear
why EPEC strains which possess fimbriae ob-
servable by electron microscopy and which pro-
duce MSHA with guinea pig erythrocytes should
fail to react with human erythrocytes, and it is
equally unclear whether or not this property is
related to enteropathogenicity of the EPEC.

HA type V includes those HA patterns char-
acterized by MRHA of only one species of eryth-
rocyte. None of the five possible monospecific
MRHA patterns were found in significant num-
bers except possibly human (only) MRHA (HA
type V-A) isolates. It is important that these are
distinguishable from E. coli belonging to HA
type VI, which also produce MRHA with mon-
key erythrocytes and usually with chicken eryth-
rocytes. In general, E. coli belonging to HA type
V are unremarkable, with 68.2% of these occur-
ring as normal stool flora. There is some evi-
dence that monospecific MR-type hemaggluti-
nins may not be fimbriate (6). We have examined
HA type V-A E. coli by electron microscopy and
these proved to be nonfimbriate.

HA type VI is complicated by the fact that
not all (85%) of those isolates producing MRHA
with human and monkey erythrocytes also pro-
duce MRHA with the chicken erythrocytes and
by the fact that at least half of the HA type VI
E. coli also produce MSHA or MRHA with
guinea pig erythrocytes. It is probably significant
that 45.6% of the extraintestinal isolates tested
belong to HA type VL. It is more significant that
69.5% of bacteremia-associated FEEC and that
80% of those belonging to serogroups 01, 02, 04,
06, 07, and 018 belong to HA type VI. Several
other investigators have cited the high incidence
of E. coli producing MRHA with human eryth-
rocytes among isolates from extraintestinal
sources such as cerebrospinal fluid, urine, and
blood (3, 15, 17), showing that the collection
used here is not unusual in this respect. Cziréok
et al. (4, 5) and others (11, 20) have cited evi-
dence that those E. coli which are a major cause
of neonatal meningitis also cause sporadic, or
nonepidemic, enteritis. These serogroups (e.g.,
01, 018) are common in the normal flora of the
bowel and are considered to be opportunistic
pathogens, thus the term facultatively entero-
pathogenic E. coli, or FEEC (4). It will be of
interest to determine the frequency of the HA
type VI phenotype among FEEC isolated from
urinary tract infections, especially because the
human and monkey hemagglutinins are CFA
like, i.e., share the property of mannose resis-
tance which is the hallmark of the fimbrial CFAs
of ETEC (11). The possible role of CFA-like
fimbriae in adhesiveness for extraintestinal epi-
thelial cells has already been proposed by Kal-
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lenius and Mollby (15). It might also be specu-
lated that MR-type hemagglutinins, fimbrial or
otherwise, might contribute to one or more of
the virulence-related properties thought to be
mediated by the FEEC somatic antigens or cap-
sular K antigens or both (28). These properties
include “invasiveness” (14, 23), resistance to
complement (12, 30), serum resistance (16), and
resistance to phagocytosis (1, 31).

Finally, the findings reported here may be
considered in relation to the general problem of
defining pathogenicity of E. coli. E. coli serotyp-
ing as currently practiced provides no informa-
tion about the possession of fimbrial antigens or
surface-associated hemagglutinins. Our results
indicate that there is a need for a serotyping
system which would include these hemaggluti-
nins, fimbrial or otherwise, in addition to O, K,
and H antigens. We suggest that an HA typing
system such as that described here might serve
as the basis for selecting E. coli prototype strains
for serological and antigenic classification of
these surface-associated hemagglutinins.
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