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The role of fimbriae in the adherence of Haemophilus influenzae to oropharyngeal epithelial cells and the
hemagglutination (HA) of human Anton-positive erythrocytes was examined. HA of bacteria was lost after
shearing. Fimbriae purified from the extracellular fluid caused HA and bound to oropharyngeal epithelial cells,
as analyzed with immunoperoxidase staining, in a way which was similar to the adherence of bacteria to these
cells: binding was over the entire surface of the cells and showed cell-to-cell variation. The specific role of
fimbriae in HA .nd adherence was further examined by inhibition experiments with inonoclonal antibodies
elicited against the isolated fimbriae. These monoclonal antibodies bound along the entire length of the
fimbriae, as seen by immunogold electron microscopy. The monoclonal antibodies and their Fab fragments
inhibited HA (reduction in titer from 1:512 to 1:128 and 1:64, respectively) and inhibited the adherence of the
homologous H. influenzae strain and of three of eight heterologous H. influenzae strains to oropharyngeal
epithelial cells. These results indicate that fimbriae are involved in adherence and HA and that the binding site
for the monoclonal antibodies on the fimbriae is not common on all strains.

Haemophilus influenzae type b is an important pathogen
in childhood, causing the systemic infections meningitis,
epiglottitis, cellulitis, pneumonia, arthritis, and sepsis.
Acapsular strains cause mainly mucous membrane infec-
tions-(sinusitis, otitis, nasopharyngitis, and chronic or acute
bronchitis). Despite the availability of potent antibiotics, H.
influenzae continues to produce significant morbidity and
mortality. Recently developed vaccines can only protect
against infections by H. influenzae type b (19).

Children who suffer from infections with H. influenzae,
regardless of its anatomic location, invariably carry the
bacterium in their nasopharynx, which is generally assumed
to be the port of entry for the bacterium (19). Fimbriated
isolates of H. influenzae adhere to nasopharyngeal epithelial
cells (5, 9-11, 14-16). Those strains which adhere agglutinate
human erythrocytes expressing the blood group Anton anti-
gen (3, 22). Fimbriae of H. influenzae have been purified to
homogeneity. The fimbriae are composed of subunits with a
molecular weight of 23,000 (4). These cell organelles have
been proposed as candidates for a vaccine against nontype-
able H. influenzae. However, it has not been proven so far
that fimbriae are essential for adherence and hemagglutina-
tion (HA).

In this study we found (i) that the fimbriae of H. infliuenzae
are the cell fraction required for adherence and HA, (ii) that
monoclonal antibodies (MAbs) specific for the fimbriae
inhibit adherence and HA, and (iii) that purified fimbriae
bind to epithelial cells and cause HA of Anton-positive
erythrocytes.

MATERIALS AND METHODS
Bacterial strains and growth conditions. H. influenzae type

b strains were isolated from the cerebrospinal fluid of
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patients with meningitis, and nontypeable strains were iso-
lated from the sputum of patients with chronic bronchitis. H.
inflitenzae type b strains 760705, 780100, 850348 (outer
membrane protein [OMP] subtype 1, lipopolysaccharide
[LPS] serotype 1, and biotype I), 770235 (OMP subtype 2,
LPS serotype 2, and biotype I), and 770277 (OMP subtype 3,
LPS serotype 10, and biotype II) were chosen as repre-
sentative examples of invasive disease isolates in western
Europe (20, 23). Strains 1481, 4.1, A840138, and A840220
were randomly chosen sputum isolates with different OMP
compositions.

Bacteria were cultured on histidine-enriched brain heart
infusion plates as described by Guerina et al. (4). Enrich-
ment of the bacterial cultures for fimbriated bacteria was
performed by the HA method described by Pichichero et al.
(11), except that Ficoll was omitted and that settling of the
erythrocytes with attached bacteria was repeated twice
before plating. These enriched bacterial strains are indicated
by the addition of f+. H. influenzae type b strain 770235f+
was obtained as a strongly agglutinating, heavily fimbriated
variant of strain 770235, which was used in earlier experi-
ments (21, 22). Its acapsular derivative strain 770235b")f+
was selected on antiserum-containing agar plates as de-
scribed before (25). For the isolation of fimbriae, bacteria of
this strain were grown with shaking (120 rpm) in 8 liters of
brain heart infusion broth supplemented with X and V
factors (10 mg of each per liter).
HA and HA inhibition. Bacteria grown on histidine plates

were suspended in 15 mM sodium phosphate-0.1 M NaCI
(pH 7.4) (PBS) at a density of 1010 bacteria per ml. Fifty
microliters was mixed with 50 Ill of a 3% (vol/vol) suspen-
sion of normal erythrocytes from a healthy donor. HA was
performed by a standard tube blood-grouping assay (22). The
results were read with a dark-field microscope. Anton-
negative erythrocytes were used as negative controls. The
HA titer was determined in V-shaped microdilution plates
with 50 LI of twofold dilutions of the bacterial suspensions in
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PBS and 50 Ll of the erythrocyte suspension. The plates
were analyzed after 1 h of incubation at 37°C.

In the HA inhibition test 50 ,ul of twofold dilutions of the
bacterial suspensions were preincubated in the microdilution
plates for 30 min at 37°C with 20 p.l of a solution containing
MAbs against the fimbriae. Then, 50 p.1 of the 3% erythro-
cyte suspension was added, and the plates were incubated
for 1 h at 37°C and read.

Adherence of H. influenzae to oropharyngeal epithelial cells.
Adherence of H. influenzae to oropharyngeal epithelial cells
was determined as described previously (21). Briefly, oro-
pharyngeal epithelial cells (105 cells per ml) were incubated
for 1 h at 37°C with 1010 bacteria per ml in Eagle-Hanks
tissue culture medium. Unbound bacteria were removed by
repeated washing and centrifugation. The washed epithelial
cells were fixed on glass slides, the bacteria were immuno-
stained with murine MAb 8BD9 directed against a common
OMP (2) specific for H. influenzae and anti-mouse immuno-
globulin G bound to horseradish peroxidase, and the stained
bacteria were counted by light microscopy. Twenty cells
were counted.

Cell fractionation and purification of fimbriae. Basically,
the procedure described by Guerina et al. (4) was followed.
Bacteria were harvested from the 8-liter liquid culture by
centrifugation for 10 min at 10,000 x g and suspended in 80
ml of 0.1 M Tris hydrochloride (pH 8.0). The suspension was
treated with a Sorvall omnimixer for 5 min at 0°C at
maximum speed and centrifuged for 20 min at 8,000 x g. A
saturated ammonium sulfate solution was added to the
supernatant to a final concentration of 50% (vol/vol). After
16 h at 4°C the precipitate was collected by centrifugation,
washed with 45% (wt/wt) (NH4)2SO4, and suspended in 10
ml of 0.1 M Tris hydrochloride (pH 8.0). The solution was
centrifuged for 1 h at 100,000 x g to remove membrane
fragments. The supernatant was dialyzed against 10 mM
NH4HCO3 and lyophilized. The purity of the fimbriae was
analyzed under an electron microscope (Philips EM 310)
after negative staining with 1% uranyl acetate in PBS for 1
min and by sodium dodecyl sulfate (SDS)-polyacrylamide
gel electrophoresis after staining with Coomassie brilliant
blue (8, 23) or silver nitrate (18).

Cell envelopes and lithium chloride-EDTA extracts of
cells were prepared as described before (24).

Antibodies and Fab fragments. MAbs were raised against
purified fimbriae. BALB/c mice were immunized weekly
with 50 p.g of purified fimbriae and 108 H. influenzae
770235b°f+ organisms intraperitoneally. After 31 days the
spleen was used for the isolation of lymphocytes. The
lymphocytes were fused with myeloma cells of the NS-1 cell
line in a ratio of 4:1 with polyethylene glycol as the fusion
catalyst as described by Tam et al. (17). Hybridomas were
cloned by two-step limiting dilution. Antibodies were sup-
posed to be monoclonal if four individual wells containing
only one clone produced antibodies with the same speci-
ficity. The culture supernatants were tested by the enzyme-
linked immunosorbent assay (ELISA) with purified fimbriae,
cell envelopes, purified LPS, and capsular polysaccharide as
antigens (25). The ELISA was performed with protein A-
horseradish peroxidase as a conjugate to select for protein
A-reactive antibodies.
MAbs against OMPs and LPS were used as controls. They

were obtained after fusion of spleen cells from mice injected
weekly for 4 weeks intraperitoneally with outer membranes
of H. influenzae type b strain 760705 (100 p.g of protein in 1
ml of PBS). Outer membranes were prepared by the sarcosyl
method (24). The protein concentration was determined by

the method of Lowry et al. (7). The specificity of the MAbs
was analyzed by the gel immunoradioassay (13).
Murine ascites containing MAbs was raised by injecting

pristane-treated BALB/c mice intraperitoneally with 5 x 106
hybridomas. The subclass of the MAbs was determined by
immunoprecipitation (Ouchterlony method). Rabbit anti-
mouse immunoglobulin G subclass-specific antibodies were
obtained from Dakopatts, Copenhagen, Denmark.
Fab fragments of MAbs were prepared as follows. Anti-

bodies were isolated from 0.5 ml of ascites by protein
A-Sepharose 4B affinity chromatography by the procedure
described by the manufacturer (Pharmacia, Uppsala, Swe-
den). The immunoglobulins were eluted from the protein
A-Sepharose column with 0.1 M glycine hydrochloride (pH
2.8), collected in vials containing 1 M Tris hydrochloride (pH
8.5), and desalted immediately on a Sephadex G-25 column
which was eluted with PBS. Protein-containing fractions
were analyzed for antibody activity by the ELISA as de-
scribed above. Antibody-containing fractions were dialyzed
against 10 mM NH4HCO31 lyophilized, and solubilized in 0.5
M sodium phosphate (pH 8.0) containing 10 mM cysteine
and 2 mM EDTA to a final concentration of 2 mg/ml. The
solution was incubated with papain (100 ,ug/ml) for 4 h at
37°C and dialyzed overnight against 10 mM sodium phos-
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FIG. 1. SDS-polyacrylamide gel electrophoresis of cell fractions
of H. influenzae 770235f+. A, Cell envelopes; B, membrane vesicles
from the supernatant obtained after centrifugation of sheared bac-
teria; C and D, purified fimbriae. All samples were boiled in SDS
before they were applied to the gel, except for D. Note that the
fimbriae did not disintegrate into subunits without boiling (D).
Molecular mass markers (in kilodaltons [kD]) are indicated on the
right (lane MW); OMP designations are on the left.
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FIG. 2. Electron micrograph of purified fimbriae of H. influenzae 770235f+ after negative staining with uranyl acetate.

phate (pH 8.0). Fc fragments and intact immunoglobulins
were removed by incubating the solution for 1 h at 37°C with
protein A-bearing Staphylococcus aureus at a final concen-
tration of 10% (vol/vol), followed by centrifugation for 3 min
at 10,000 x g. The S. aureus suspension was prepared as
described by Dirks-Go and Zanen (1).
Immunogold labeling. Organisms of strain 770235f+ or

770235 (1.5 x 107/ml) were incubated with 1:10 dilutions of
MAbs against fimbriae (6HE8) or OMPs (8BD9, for control)
in PBS-0.05% Tween 20-0.5% bovine serum albumin for 30
min at 37°C. After triple washings with PBS, the bacteria
were incubated for 30 min at 37°C with protein A-gold
spheres (which were kindly provided by J. Weel) in PBS-
0.05% Tween 20-0.5% bovine serum albumin. Protein A-
gold spheres were prepared as described previously (12).
After more triple washings with PBS, the bacteria were
counterstained with 0.2% OS04 in PBS, transferred onto an
agar plate with a membrane on top, and stored at 4°C
overnight. The membrane with the bacteria was then caught
on a Formvar grid and analyzed under the electron micro-
scope.

Binding of fimbriae to oropharyngeal epithelial cells. Bind-
ing of fimbriae to oropharyngeal epithelial cells was per-
formed exactly as described for binding of bacteria to these
cells, except that the bacterial suspension was replaced by a
solution of fimbriae in 2 mM Tris hydrochloride (pH 7.8) (1
mg/ml). Inhibition of the binding by MAb 6HE8 was deter-
mined after preincubation of a solution containing 2 mg of
fimbriae per ml and an equal volume of MAb 6HE8 for 30
min at 370C. Fimbriae bound to epithelial cells were detected
with MAb 6HE8 by the immunoperoxidase staining tech-

nique described above. This MAb did not agglutinate the
fimbriae, as seen by phase-contrast microscopy.

RESULTS

Cell fractions involved in HA. Organisms of well-adhering
and strongly hemagglutinating H. influenzae 770235f+ were
fractionated to analyze whether fimbriae are the essential
cell organelles for HA. The HA titer of the bacteria was 1:
512. After shearing of the bacteria a reduction of the HA titer
to 1:16 was observed, indicating that the components caus-
ing HA had been released from the bacteria into the extra-
cellular fluid. The extracellular solution was fractionated.
The protein composition of these fractions is shown in Fig.
1; a membrane fraction and a fimbrial fraction were ob-
tained. Analysis of purified fimbriae by SDS-polyacrylamide
gel electrophoresis showed that they contained one protein
band of 23,000 daltons. Examination of the fimbriae by
transmission electron microscopy after negative staining
with uranyl acetate revealed flexible rods (Fig. 2) similar to
those described by Guerina et al. (4). LPS could not be
detected in the purified fimbria preparations if 10-,ug quanti-
ties of fimbriae were analyzed by SDS-polyacrylamide gel
electrophoresis, followed by staining with silver nitrate
reagent. Under these conditions 10 ng of LPS would have
been detected (18). The recovery of fimbriae after the
purification was 10 mg. About half of the fimbriae appeared
in the membrane fraction after ultracentrifugation. They
were bound to membrane blebs, as determined by electron
microscopy. The isolated fimbriae agglutinated erythrocytes
from Anton-positive donors to a dilution of 0.1 mg/ml, but 5
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TABLE 1. Specificity of MAbs against fimbriae,
as analyzed by the ELISA

ELISA reading (optical density)
after coating of plates with:

MAb'
Fimbriae Cell LPS bPSenvelopes

6HE8, 6CC1, 6AE4, >2 0.1 0.1 0.1
or 6HB12

3BD11 0.2 >2 >2 0.1
8BD9 0.1 >2 0.1 0.1
K1-022 0.1 0.1 0.1 >2

" All MAbs were used as ascites fluids in a 1:1,000 dilution. MAbs 6HE8.
6CC1, 6AE4, and 6HB12 were isolated as antifimbrial MAbs; MAb 3BD11
was an anti-LPS MAb; MAb 8BD9 was an anti-OMP P6 MAb; and KI-022
was a polyclonal anti-capsular type b polysaccharide (bPS) antiserum from
rabbit (25).

mg of fimbriae per ml did not agglutinate Anton-negative
erythrocytes. The membrane fraction also agglutinated
erythrocytes. This result was due to the presence of fim-
briae, since the HA could be inhibited by MAbs against the
fimbriae (see below).

Cell fractions of bacteria which did not carry fimbriae
(strain 770235) did not agglutinate Anton-positive or -nega-
tive erythrocytes.

Specificity of MAbs against the fimbriae. Four hybridomas
which reacted with purified fimbriae in the ELISA were
obtained from different wells of the fusion plates. The
antibodies produced by these cells did not react with cell
envelopes, LPS, or capsular polysaccharide of the homolo-
gous strain (Table 1). Clones 6HE8, 6CC1, and 6AE4 pro-
duced immunoglobulin G3 antibodies and may therefore be
identical. Clone 6HB12 was immunoglobulin G2b. Further
characterization of these MAbs with immunogold labeling
showed that they all reacted with fimbriae on H. influenzae
770235f+. This result is illustrated for MAb 6HE8 in Fig. 3.
Gold spheres were observed along the side and on top of the
fimbriae, indicating that the epitope recognized by these
antibodies was distributed over the entire structure. The
MAbs did not react with nonfimbriated bacteria (strain
770235), and MAbs directed against an OMP of gonococci
(kindly provided by J. P. M. van Putten) did not react,
indicating that the background reaction was negligible. MAb
8BD9 (anti-outer membrane protein P6) reacted with the
surfaces of strains 770235f+ and 770235 but not with fim-
briae.

Inhibition of HA by MAbs against the fimbriae. Results of
HA inhibition tests are summarized in Table 2. MAb 6HE8
reduced the HA titer from 1:512 to 1:128 when Anton-
positive erythrocytes were used. MAb 8BD9, specific for an
OMP (16,000 daltons), MAb 1DA12, directed against LPS,
and culture supernatant from a nonproducing clone, 1DD1,
did not inhibit HA. Limited autoagglutination was observed
with Anton-negative erythrocytes (titer, 1:8). Therefore, we
prepared Fab fragments of MAb 6HE8 and of MAb 8BD9 as
a control. The Fab fragments of MAb 6HE8 reduced the HA
titer of Anton-positive erythrocytes to 1:64. Autoagglutina-
tion of Anton-negative erythrocytes in the presence of these
Fab fragments was no longer seen. Fab fragments of MAb
8BD9 did not inhibit HA. MAb 6HE8 also inhibited HA by
the membrane fraction of H. influenzae 770235f+, indicating
that these extracts contained fimbriae as an agglutinin (Table
2).

Involvement of fimbriae in the adherence of H. influenzae to
oropharyngeal epithelial cells. Involvement of fimbriae in the

adherence of H. influenzae to oropharyngeal epitheli#l cells
was investigated by performing adherence inhibition exper-
iments with MAbs against the fimbriae and by studying the
binding of purified fimbriae to the epithelial cells (see lqelow).
H. influenzae 770235f+ adhered readily to orophatyngeal

epithelial cells. In a typical experiment with 5 x 109 bltcteria
per ml, more than 200 bacteria bound per cell (Fig. 4A).
Preincubation of the same bacterial suspension wit}> MAb
6HE8 in a parallel experiment resulted in a reduction to less
than five bacteria bound per cell (Fig. 4B). Agglutinated
bacteria were seen between the cells. Fab fragments from
MAb 6HE8 also inhibited adherence by 70% but did not
agglutinate the bacteria. Control ascites iDD1 from a non-
producing clone and ascites and Fab fragments from MAb
8BD9 did not reduce adherence; more than 200 bacteria
bound per epithelial cell in all cases.

Binding of isolated fimbriae to epithelial cells. An obvious
way of testing whether fimbriae bind to cells is by measuring
the amount of radioactive fimbriae which bind to these cells
after incubation. However, we were not able to label the
fimbriae of H. influenzae with 125I by the chloramine-T
method, although protein A from S. aureus bound 1 atom of
1251 per molecule under these conditions. Therefore, immu-
noperoxidase staining with MAb 6HE8 was used for the
detection of bound fimbriae (Fig. 4). Oropharyngeal epithe-
lial cells stained brown after incubation with fimbriae (Fig.
4C). A minority of the cells did not stain. This variation in
staining reflects the variation in the adherence of bacteria to
epithelial cells, since bacteria also did not bind to about 10%
of the cells. The lack of binding of fimbriae to some cells
shows that the interaction with cells is not aspecific. Aspe-
cific binding could further be excluded by inhibition experi-
ments. None of the cells stained after preincubation of the
fimbriae with MAb 6HE8 (Fig. 4D). An MAb against an
OMP (MAb 8BD9) did not inhibit binding, and MAb 6HE8
did not stain the epithelial cells by itself.

Presence of binding sites for MAb 6HE8 on different strains.
Inhibition of the adherence of other H. influenzae strains to
oropharyngeal epithelial cells by MAb 6HE8 is summarized
in Table 3. MAb 6HE8 inhibited the adherence of two of five
H. influenzae type b strains (from cerebrospinal fluid) com-
pletely and of one strain (strain 770277f+) partly. The
adherence of one of four nontypeable strains obtained from
sputum was also inhibited. These results indicate limited
strain specificity.

TABLE 2. Influence of MAbs on HA by fimbriated H. influenzae
770235f+ and its nonfimbriated variant 770235

Erythrocyte Preincubation HA
blood group Strain with: titer
(Anton)

Positive 770235f+ Nothing 1:512
Positive 770235 Nothing <1
Negative 770235f+ Nothing <1
Positive 770235f+ MAb 6HE8" 1:128
Positive 770235f+ MAb 8BD9" 1:512
Negative 770235 MAb 6HE8 1:8
Positive 770235f+ Fab 6HE8 1:64
Positive 770235f+ Fab 8BD9 1:512
Negative 770235 Fab 6HE8 <1
Positive 770235 Fab 6HE8 <1

"MAb 6HE8 is specific for fimbriae; MAb 8BD9 is specific for an OMP with
a molecular weight of 16,000.
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FIG. 3. Immunogold labeling of H. influenzae 770235f+ (A, B, and D) and 770235 (E) with an MAb against the fimbriae (MAb 6HE8) (A
and B) or outer membrane protein P6 (MAb 8BD9) (D and E) and protein A-gold. Bacteria of strain 770235f+ without gold spheres are
included for comparison (C). The bacteria were counterstained with uranyl acetate. Bars, 0.2 ,.m.

DISCUSSION

Various investigators have shown that the adherence ofH.
influenzae to oropharyngeal epithelial cells is caused by
strains carrying fimbriae and that adherence parallels HA (3,
5, 9-11, 14-16). In addition, the ability of an H. influenzae

strain to hemagglutinate could be transferred by transforma-
tion to a nonhemagglutinating strain, which thereby acquired
fimbriae (16). These data suggest that fimbriae mediate
adherence of the organism but do not exclude the possibility
that other bacterial components are expressed concomi-
tantly, as has been shown for the expression of genes
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FIG. 4. Binding of H. influenzae 770235f+ in the absence (A) or presence (B) of MAb 6HE8 and binding of isolated fimbriae in the absence
of (C) or after preincubation with (D) MAb 6HE8 to oropharyngeal epithelial cells. The bound bacteria and fimbriae were visualized by
subsequent incubation with an MAb against the fimbriae (MAb 6HE8) and immunoperoxidase staining. The cells were counterstained with
methylene blue.

involved in the synthesis of LPS after transformation of
DNA coding for the capsular type b polysaccharide (26). Our
experiments have shown that fimbriae indeed mediate adher-
ence and HA. This conclusion is based on the following
observations. (i) Isolated fimbriae (Fig. 1 and 2) caused HA
and bound to epithelial cells (Fig. 4C). (ii) Murine MAbs

TABLE 3. Effect of MAbs against the fimbriae of H. influenzae
770235f+ on the adherence of various H. influenzae strains

Adherence"
Strain Capsular

type Without With
MAb 6HE8 MAb 6HE8

770235f+ b + ++-
770235 b - -
760705f+ b ++ -
770277f+ b + + +
780100f+ b + +
850348f+ b + +
1481f+ NTb + + + + + +
A840138f+ NT + + + +
A840220f+ NT ++ -
4.1f+ NT +++ +++

" Adherence was expressed as + + + if more than 200 bacteria bound per
epithelial cell, as + + for 50 to 200 bacteria, as + for 5 to 50 bacteria, and as
- for less than 5 bacteria.

b NT, Nontypeable.

which reacted in the ELISA and, after immunogold labeling,
reacted specifically with fimbriae (Fig. 3) and the Fab
fragments of these MAbs inhibited HA and adherence to
oropharyngeal epithelial cells of fimbria-carrying H.
influenzae (Table 2 and Fig. 4B). These HA reactions were
concluded to be specific, since HA was only observed with
Anton-positive erythrocytes. HA and adherence were not
observed with H. influenzae lacking fimbriae. Not only
fimbriae but also membrane fragments of bacteria with
fimbriae caused HA. This result could be explained by the
presence of fimbriae in these fragments, as HA was inhibited
by antibodies against the fimbriae.
The binding site for the MAbs against the fimbriae ap-

peared to be distributed over the entire length of the polymer
(Fig. 3), suggesting that the binding site is part of the fimbrial
subunit. These MAbs reacted only with part of the H.
influenzae strains used in this study. This may mean that
various strains of H. influenzae have different binding sites
on their fimbriae. However, this explanation is unlikely,
since all strains agglutinated Anton-positive erythrocytes
and not Anton-negative ones and since this HA was inhibited
by anti-Anton serum (22). A more likely explanation for the
difference in the reactivity of MAb 6HE8 with various
strains is that this MAb reacted partly with the conserved
binding site for the receptor on the fimbriae and partly with
a variable sequence on the fimbrial subunit. In this respect it
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is important to note that Guerina et al. (4) have shown that
fimbriae from some strains of H. influenzae have a strong
serological relationship and that fimbriae from other strains
have a low, but significant, cross-reactivity, indicating that
all these fimbriae share at least some common epitopes.

In conclusion, we have shown that the binding site on the
fimbriae of H. influenzae which is recognized by MAb 6HE8
interacts with the epithelial cell and erythrocyte receptors.
This result strongly suggests that the receptor has the same

structure in both cell types. We have previously shown that
the molecule which contains the receptor site on erythro-
cytes is different from the receptor molecule on epithelial
cells, since these molecules are expressed independently and
since they are immunologically not identical (21). When the
previous and actual data are combined, it is very likely that
the erythrocyte and epithelial cell receptors are different
molecules with a common binding site for the fimbriae. A
similar situation has been described for the p fimbriae of
Escherichia coli, which bind to a common binding site on the
P blood group antigens and the Forssman antigen (6).
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