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We previously reported that two surface-exposed high-molecular-weight proteins, HMW1 and HMW2,
expressed by a prototypic strain of nontypeable Haemophilus influenzae (NTHI) mediate attachment to human
epithelial cells. These proteins are members of a family of highly immunogenic proteins common to most
nontypeable Haemophilus strains. We also reported that immunization with an HMW1-HMW2 mixture mod-
ified the course of disease in an animal model of otitis media, suggesting the potential usefulness of these
proteins as NTHI vaccine components. Identification of surface-accessible B-cell epitopes could be important
to efforts to develop recombinant or synthetic peptide vaccines based upon these high-molecular-weight
proteins. Thus, the purpose of the present study was to identify surface-accessible epitopes on the HMW1 and
HMW2 proteins by using monoclonal antibodies (MAbs) and to determine the prevalence of these epitopes
among the high-molecular-weight proteins expressed by heterologous nontypeable Haemophilus strains. MAbs
were generated by immunizing mice with high-molecular-weight proteins purified from prototype strains and
were screened by immunoelectron microscopy (IEM) for the ability to recognize surface epitopes. Two MAbs,
designated AD6 and 10C5, that recognized surface epitopes by IEM were recovered. In order to map the
epitopes recognized by these two MAbs, we constructed a set of HMW1 and HMW2 recombinant fusion
proteins using the pGEMEX vectors and examined the reactivity of the MAbs with these fusion proteins. MAb
AD6 recognized an epitope in both HMW1 and HMW2 which mapped to the last 75 amino acids at the carboxy
termini of the two proteins. When examined for reactivity with heterologous strains, MAb AD6 recognized
high-molecular-weight proteins in 75% of 125 unrelated nontypeable Haemophilus strains and, in addition,
reacted with three of three such strains when examined by IEM. MAb 10C5 recognized an epitope that mapped
to a 155-amino-acid segment near the carboxy terminus of HMW1. This epitope was adjacent to but distinct
from the AD6 epitope and was absent from HMW2. The 10C5 epitope was expressed by 40% of the AD6 reactive
strains. Identification of shared surface-exposed epitopes on the high-molecular-weight adhesion proteins
suggests the possibility of developing recombinant or synthetic peptide-based vaccines protective against
disease caused by the majority of NTHI strains.

Nontypeable Haemophilus influenzae (NTHI) organisms are
nonencapsulated gram-negative organisms which are common
inhabitants of the human upper respiratory tract (18). These
organisms cause a variety of common mucosal surface infec-
tions such as otitis media, sinusitis, conjunctivitis, and chronic
bronchitis (19). A critical first step in the pathogenesis of these
infections is colonization of the respiratory tract mucosa. The
bacterial molecules that mediate colonization have yet to be
fully characterized, but in previous works, we identified a fam-
ily of high-molecular-weight proteins that are important in
attachment of NTHI to human epithelial cells (4, 26). The two
closely related adhesion proteins expressed by our prototype
strain were designated HMW1 and HMW2.
Bacterial surface molecules that mediate adherence are of

particular interest as possible vaccine candidates (6). We re-
cently reported that immunization with an HMW1-HMW2
mixture modified the course of disease in an animal model of
otitis media (2), suggesting the potential usefulness of these
proteins as components of a vaccine against NTHI. Knowledge

of surface-accessible B-cell epitopes on these high-molecular-
weight proteins could be important to efforts to develop re-
combinant or synthetic peptide vaccines based upon the pro-
teins (24). Thus, the purpose of the present study was to
identify surface-accessible epitopes on HMW1 and HMW2 by
using monoclonal antibodies (MAbs) and to determine the
percentage of heterologous NTHI strains that express such
epitopes on their high-molecular-weight proteins.

MATERIALS AND METHODS

Bacterial strains, plasmids, and phages. The NTHI strains used in these
studies have been described previously (3, 4). The majority of organisms were
isolated in pure culture from middle-ear fluid specimens obtained from children
with acute otitis media. Each strain was identified as H. influenzae by standard
methods (17) and was classified as nontypeable by its failure to agglutinate with
a panel of typing antisera forH. influenzae types a to f (Burroughs Wellcome Co.,
Research Triangle Park, N.C.) and failure to show lines of precipitation with
these antisera in counterimmunoelectrophoresis assays (28). Strains 5, 12, and 15
were the prototypic strains used in this investigation for purification of the
high-molecular-weight adhesion proteins and for immunoelectron microscopy
studies (3). The strain 12 mutants that are deficient in expression of the high-
molecular-weight adhesion proteins have been described previously (26). All
organisms were stored at 2708C in skim milk within two or three subpassages of
the initial clinical isolation.
The T7 expression vectors pGEMEX-1 and pGEMEX-2 were obtained from

Promega Corporation (Madison, Wis.). The M13 phage mGP1-2 (containing the
bacteriophage T7 RNA polymerase gene) was a gift of Stanley Tabor (27).
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Purification of native high-molecular-weight adhesion proteins. Native high-
molecular-weight proteins were purified from prototypic nontypeableHaemophi-
lus strain 5 and strain 12 as described elsewhere (2). In brief, a frozen bacterial
stock culture was streaked onto a chocolate plate and allowed to grow overnight
at 378C. The following day, 5 to 10 colonies from the plate were used to inoculate
a 50-ml starter culture of brain heart infusion broth supplemented with hemin
and NAD, each at 10 mg/ml. The starter culture was shaken at 378C in a rotary
incubator at 250 rpm until the optical density of the culture reached an A600 of
0.6 to 0.8. Six 500 ml flasks of supplemented brain heart infusion broth were then
inoculated with 8 to 10 ml of the bacterial suspension from the starter culture and
allowed to grow to an optical density of 1.2 to 1.5. Bacterial cells from the six
flasks were pelleted by centrifugation at 12,000 3 g for 10 min at 48C and frozen
overnight at 2208C in preparation for purification of the proteins. The following
day, the bacterial pellets from the six flasks were gently resuspended, combined,
and incubated at 08C for 60 min in 250 ml of extraction solution (0.5 M NaCl,
0.01 M Na2–EDTA, 0.01 M Tris, 50 mM 1,10-phenanthroline [pH 7.5]). The
bacterial cells were not sonicated or otherwise mechanically disrupted. The
bacterial suspensions were then centrifuged at 12,000 3 g for 10 min at 48C to
remove the majority of intact cells and cellular debris. The supernatant, contain-
ing the soluble high-molecular-weight adhesion proteins, was then subjected to
centrifugation at 100,000 3 g for 60 min at 48C to remove additional debris and
membrane fragments. The supernatant from this ultracentrifugation step, which
contained the water-soluble high-molecular-weight proteins, was dialyzed over-
night at 48C against 0.01 M sodium phosphate, pH 6.0.
The following day, the sample was centrifuged at 12,000 3 g for 10 min at 48C

to remove insoluble debris that precipitated from the solution during dialysis.
The resulting supernatant was then applied to a 10-ml carboxymethyl Sepharose
column (Sigma Chemical Co., St. Louis, Mo.) which had been preequilibrated
with 0.01 M sodium phosphate, pH 6.0. Following application of the protein-
containing sample, the column was washed with 2 column volumes of 0.01 M
sodium phosphate and the proteins were eluted with a 0 to 0.5 M KCl gradient.
Column fractions were analyzed by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) to identify fractions containing high-molecular-
weight proteins. The column fractions that contained the high-molecular-weight
proteins were pooled and concentrated to a volume of 1 to 3 ml and maintained
at 08C overnight. The following day the sample was applied to a Sepharose
CL-6B (Sigma) gel filtration column equilibrated with phosphate-buffered saline
(PBS), pH 7.5. Column fractions containing high-molecular-weight proteins free
of contamination by lower-molecular-weight species were identified by analysis
on Coomassie gels. The relevant fractions were pooled and stored at 2708C in
preparation for mouse immunizations.
Generation of hybridomas producing MAbs that recognize Haemophilus high-

molecular-weight adhesion proteins. MAbs were generated by standard tech-
niques (9). In brief, female BALB/c mice (4 to 6 weeks old) were immunized by
intraperitoneal injection with high-molecular-weight proteins purified from non-
typeable Haemophilus strain 5 or strain 12. The first injection of 40 to 50 mg of
protein was administered with Freund’s complete adjuvant, and the second dose,
given 4 to 5 weeks after the first, was administered with PBS. Three days
following the second injection, the mice were sacrificed and splenic lymphocytes
were fused with SP2/O-Ag14 plasmacytoma cells.
Two weeks following fusion, hybridoma supernatants were screened for the

presence of high-molecular-weight protein-specific antibodies by a dot blot assay.
Purified high-molecular-weight proteins at a concentration of 10 mg/ml in Tris-
buffered saline (TBS) were used to sensitize nitrocellulose sheets (Bio-Rad
Laboratories, Richmond, Calif.) by soaking for 20 min. Following a blocking step
with TBS–3% gelatin, the nitrocellulose was incubated for 60 min at room
temperature with individual hybridoma supernatants, diluted 1:5 in TBS–0.1%
Tween, by using a 96-well Bio-Dot microfiltration apparatus (Bio-Rad). After
being washed, the sheets were incubated for 1 h with alkaline-phosphatase-
conjugated affinity-isolated goat anti-mouse immunoglobulin G (IgG) and IgM
antibodies (Tago, Inc., Burlingame, Calif.). Following additional washes, positive
supernatants were identified by incubation of the nitrocellulose sheet in alkaline
phosphatase buffer (0.10 M Tris, 0.10 M NaCl, 0.005 M MgCl2) containing
nitroblue tetrazolium (0.1 mg/ml) and 5-bromo-4-chloro-3-indolylphosphate
(0.05 mg/ml).
For antibody isotyping and immunoelectron microscopy studies, the MAbs

were purified from hybridoma supernatants. The antibodies we recovered in this
study were of the IgG class. To purify the MAbs, the hybridoma supernatants
were first subjected to ammonium sulfate precipitation (50% final concentration
at 08C). Following overnight incubation, the precipitate was recovered by cen-
trifugation and resolubilized in PBS. The solution was then dialyzed overnight
against 0.01 M sodium phosphate buffer, pH 6.0. The following day the sample
was applied to a DEAE-Sephacel column preequilibrated with the same phos-
phate buffer, and the proteins were subsequently eluted with a KCl gradient.
Column fractions containing the MAbs were identified by examination of sam-
ples on polyacrylamide gels for protein bands typical of light and heavy chains.
Antibody isotyping. The isotype of each MAb was determined by immuno-

diffusion using the Ouchterlony method. Immunodiffusion plates were prepared
on glass slides with 10 ml of 1% DNA-grade agarose (FMC Bioproducts, Rock-
land, Maine) in PBS. After the agarose solidified, 5-mm wells were punched into
the agarose in a circular pattern. The center well contained a concentrated
preparation of the MAb being evaluated, and the surrounding wells contained

goat anti-mouse subclass-specific antibodies (Tago). The plates were incubated
for 48 h in a humid chamber at 48C and then examined for white lines of
immunoprecipitation.
Western blot (immunoblot) assays with murine MAbs. Hybridoma superna-

tants that were reactive in the dot blot assay described above were examined by
Western blot analysis, both to confirm the reactivity with the high-molecular-
weight proteins of the homologous nontypeable Haemophilus strain and to ex-
amine the cross-reactivity with related proteins in heterologous strains. NTHI
cell sonicates containing 100 mg of total protein were solubilized in electrophore-
sis sample buffer, subjected to SDS-PAGE on 7.5% acrylamide gels, and trans-
ferred to nitrocellulose with a Genie electrophoretic blotter (Idea Scientific
Company, Corvallis, Oreg.) for 45 min at 24 V. After the transfer, the nitrocel-
lulose sheet was blocked and then probed sequentially with the hybridoma
supernatant and with alkaline phosphatase-conjugated goat anti-mouse IgG and
IgM secondary antibody. Bound antibodies were detected by incubation with
nitroblue tetrazolium–5-bromo-4-chloro-3-indolylphosphate solution. This same
assay was employed to examine the reactivity of the MAbs with recombinant
fusion proteins expressed in Escherichia coli (see below).
Immunoelectron microscopy. Bacteria were grown overnight on chocolate

agar supplemented with 1% IsoVitaleX, and several colonies were suspended in
PBS. A 20-ml drop of this bacterial suspension was then applied to a carbon-
coated, Formvar-strengthened grid and incubated for 2 min. Excess fluid was
removed, and the specimen was rinsed twice with PBS. Next the sample was
incubated for 30 min with PBS containing 1% bovine serum albumin and then for
1 h with the MAb being analyzed. Following removal of excess fluid and three
rinses with PBS, the specimen was incubated for 30 min with goat anti-mouse
IgG conjugated to 10-nm-diameter colloidal gold particles (Sigma). Finally,
specimens were rinsed sequentially with PBS and distilled water and stained for
1 min with 0.5% uranyl acetate. After drying, they were examined in a Zeiss 10A
electron microscope.
Construction of pGEMEX-hmw1 and pGEMEX-hmw2 recombinant plasmids.

To map epitopes recognized by the MAbs, we examined their reactivity with a
panel of recombinant fusion proteins expressed by pGEMEX recombinant plas-
mids. These plasmids were constructed by cloning various segments of the
hmw1A or hmw2A structural genes (4, 5) into one of the pGEMEX vectors.
Figures 1 and 2 depict the segments derived from the hmw1 and hmw2 gene
clusters cloned into the pGEMEX expression plasmids. These segments were
inserted such that in-frame fusions were created at each junction site. Thus, these
plasmids would encode recombinant fusion proteins containing pGEMEX-en-
coded T7 gene 10 amino acids and hmw1A- or hmw2A-encoded amino acids.
Four discrete restriction sites within the hmw1A structural gene (BamHI,

FIG. 1. Schematic diagram of pGEMEX-hmw1 recombinant plasmids. The
methods used for construction of the plasmids are described in detail in Mate-
rials and Methods. The hatched bars correspond to pGEMEX sequences, while
the black bars represent segments of the hmw1A structural gene. A stop codon
representing the termination codon of the hmw1A gene is present at the junction
of the black and white segments. The locations of restriction enzyme recognition
sequences used in construction of the plasmids are as indicated in the figure.
Restriction enzymes are represented by the following abbreviations: B, BamHI;
E, EcoRI; C, ClaI; RV, EcoRV; Bst, BstEII; and H, HindIII. The hmw1A gene
is predicted to encode a protein of 1,536 amino acids. The restriction sites in the
hmw1A gene encode amino acids at the junction sites corresponding to the
following amino acid residues of the HMW1 protein: B, residue 466; E, residue
1020; C, residue 1122; RV, residue 1233; and Bst, residue 1388.
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EcoRI, ClaI, and EcoRV) were selected as the 59 ends of the hmw1 inserts (Fig.
1). For each 59 end, a series of progressively smaller inserts was created by taking
advantage of convenient downstream restriction sites. Three discrete sites within
the hmw2A structural gene (EcoRI, HindIII, and HincII) were selected as the 59
ends of the hmw2 inserts (Fig. 2). A downstream MluI site was used to make
truncated hmw2 constructs.
Each of the recombinant plasmids was used to transform E. coli JM101. The

resulting transformants were used to generate the recombinant fusion proteins
employed in the mapping studies. To prepare recombinant proteins, the trans-
formed E. coli strains were grown to an A600 of 0.5 in L broth containing 50 mg
of ampicillin per ml. IPTG (isopropyl-b-D-thiogalactopyranoside) was then
added to 1 mM, and mGP1-2, the M13 phage containing the T7 RNA polymer-
ase gene, was added at a multiplicity of infection of 10. One hour later, cells were
harvested, and a sonicate of the cells was prepared. The protein concentrations
of the samples were determined, and cell sonicates containing 100 mg of total
protein were solubilized in electrophoresis sample buffer, subjected to SDS-
PAGE, and stained with Coomassie blue to assess the expression level of re-
combinant fusion proteins. Once high levels of expression of the recombinant
fusion proteins were confirmed, the cell sonicates were used in the Western blot
analyses described above.

RESULTS

Generation of hybridomas producing MAbs against high-
molecular-weight adhesion proteins of NTHI. We recovered
14 different hybridomas that produced MAbs reactive with the
purified HMW1 and HMW2 proteins of nontypeable Hae-
mophilus strain 12 in the immunoblot screening assay. Of the
MAbs screened by immunoelectron microscopy, two were
demonstrated to bind surface epitopes on prototype strain 12.
These two MAbs, designated AD6 and 10C5, were both of the
IgG1 subclass. The remainder of this communication details
the studies carried out with these two MAbs.
Shown in Fig. 3 is an electron micrograph demonstrating

surface binding of MAb AD6 to representative NTHI strains.
In the upper left panel of the figure is nontypeable Haemophi-
lus strain 12, and in the upper right panel is a strain 12 deriv-
ative that no longer expresses HMW1 or HMW2 (26). As can
be seen, colloidal gold particles decorate the surface of strain
12, indicating bound AD6 antibody on the surface. In contrast,
no gold particles are evident on the surface of the strain 12
mutant that no longer expresses HMW1 and HMW2. These
results indicate that MAb AD6 is recognizing a surface-ex-
posed epitope on the high-molecular-weight proteins of strain
12. Analogous studies with MAb 10C5 demonstrating that it

too bound to surface-accessible epitopes on the high-molecu-
lar-weight proteins of strain 12 were performed.
Mapping of epitopes recognized by MAbs AD6 and 10C5.

Having identified two surface-binding MAbs, we proceeded to
map the epitope recognized by each of these antibodies. To
localize the epitope recognized by MAb AD6, we examined the
pattern of reactivity of this MAb with our large set of recom-
binant fusion proteins. Figure 4 shows a Western blot that
demonstrates the pattern of reactivity of MAb AD6 with five
recombinant fusion proteins, an informative subset of the
larger number originally examined. On the basis of analysis of
the pattern of reactivity of MAb AD6 with this set of proteins,
the epitope it recognizes maps to a very short segment of the
HMW1 and HMW2 proteins. A brief summary of this analysis
follows. For reference, the relevant portions of the hmw1A or
hmw2A structural genes that were expressed in the recombi-
nant proteins being analyzed are indicated in the diagram at
the top of Fig. 4.
As shown in lane 1, MAb AD6 recognizes an epitope en-

coded by fragment 1, a fragment that encompasses the 39
one-fifth of the hmw1A gene and encodes 303 amino acids.
Reactivity is lost when only the portion of the gene comprising
fragment 2 is expressed. This fragment encodes the same 155
amino acids that are present in the proximal half of the frag-
ment 1 peptide. Assuming that MAb AD6 is recognizing a
linear epitope, this result localizes the epitope somewhere
within the last 160 amino acids at the carboxy terminus of the
HMW1 protein. MAb AD6 also recognizes an epitope en-
coded by fragment 3, a fragment that was derived from the
hmw2A structural gene. This rather large fragment encom-
passes approximately one-third of the gene and encodes a
504-amino-acid peptide. Reactivity is lost when fragment 4 is
expressed. The only difference between fragments 3 and 4 is
that fragment 4 lacks 225 bp at the 39 end of the hmw2A
structural gene which encode residues 1402 through 1477 of
the HMW2 protein. Again, assuming that AD6 is recognizing
a linear epitope, this result suggests that the AD6 epitope is
encoded by this short terminal segment of the hmw2A gene.
Consistent with this hypothesis is the observation that MAb
AD6 binds to the recombinant protein encoded by fragment 5,
a fragment encompassing the distal 1/10 of the hmw2A struc-
tural gene which encodes residues 1336 through 1477 of the
HMW2 protein. Taken together, these data identify the AD6
epitope as common to both the HMW1 and HMW2 proteins
and strongly suggest that it lies somewhere within the 75-
amino-acid segments at the carboxy termini of the HMW1 and
HMW2 proteins. The amino acid sequences of the two pro-
teins are 76% identical over this region (4).
Figure 5 shows a Western blot demonstrating the pattern of

reactivity of MAb 10C5 with the same five recombinant fusion
proteins examined in Fig. 4. As shown in lane 1, MAb 10C5
recognizes an epitope encoded by fragment 1. In contrast to
MAb AD6, MAb 10C5 also recognizes an epitope encoded by
fragment 2. Also in contrast to MAb AD6, MAb 10C5 does not
recognize any of the hmw2A-derived recombinant fusion pro-
teins. Thus, these data demonstrated that the 10C5 epitope is
unique to the HMW1 protein and is encoded by fragment 2.
This fragment corresponds to a 155-amino-acid segment of the
HMW1 protein (4).
Expression of epitopes recognized by MAbs AD6 and 10C5

in heterologous NTHI strains. Having identified the approxi-
mate locations of the epitopes on HMW1 and HMW2 recog-
nized by the two MAbs, we next determined the extent to
which these epitopes are shared by the high-molecular-weight
proteins of heterologous NTHI strains. In Western blot assays
with bacterial cell sonicates, MAb AD6 reacted with the high-

FIG. 2. Schematic diagram of pGEMEX-hmw2 recombinant plasmids. The
methods used for construction of the plasmids are described in detail in Mate-
rials and Methods. The hatched bars correspond to pGEMEX sequences, while
the black bars represent segments of the hmw2A structural gene. A stop codon
representing the termination codon of the hmw2A gene is present at the junction
of the black and white segments. The locations of restriction enzyme recognition
sequences used in construction of the plasmids are as indicated in the figure.
Restriction enzymes are represented by the following abbreviations: E, EcoRI;
H, HindIII; Hc, HincII; M, MluI; and X, XhoI. The hmw2A gene is predicted to
encode a protein of 1,477 amino acids. The restriction sites in the hmw2A gene
encode amino acids at the junction sites corresponding to the following amino
acid residues of the HMW2 protein: E, residue 463; H, residue 973; Hc, residue
1336; and M, residue 1402.
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molecular-weight proteins of 75% of our collection of more
than 125 nontypeable Haemophilus strains. Of note, this MAb
recognized high-molecular-weight proteins in virtually all
strains that we previously identified as expressing HMW1-
HMW2-like proteins (4). Figure 6 is an example of a Western
blot demonstrating the reactivity of MAb AD6 with a repre-
sentative panel of such heterologous strains. As can be seen,
the MAb recognizes one or two bands in the 100- to 150-kDa
range in each of these strains.
In contrast to the broad cross-reactivity observed with MAb

AD6, MAb 10C5 was much more limited in its ability to rec-
ognize high-molecular-weight proteins in heterologous strains.
MAb 10C5 recognized high-molecular-weight proteins in ap-
proximately 40% of the strains that expressed HMW1-HMW2-
like proteins. Neither MAb AD6 nor MAb 10C5 recognized
proteins in any of the nontypeable Haemophilus strains which
did not express HMW1-HMW2-like proteins.
Reactivity of MAb AD6 with surface-accessible epitopes on

heterologous NTHI strains. In a limited fashion, we have ex-
amined the reactivity of MAb AD6 with surface-exposed
epitopes on the heterologous strains. In the bottom two panels
of Fig. 3 are electron micrographs demonstrating the reactivity
of MAb AD6 with surface-accessible epitopes on nontypeable
Haemophilus strains 5 and 15. As can be seen, abundant col-
loidal gold particles are present on the surface of each of these
two strains, confirming their surface expression of the AD6

FIG. 3. Immunoelectron micrographs of representative NTHI strains after incubation with MAb AD6 followed by incubation with goat anti-mouse IgG conjugated
with 10-nm-diameter colloidal gold particles. Strains are as labeled, with the HMWmutant being a strain 12 mutant deficient in expression of the high-molecular-weight
proteins.

FIG. 4. Western immunoblot assay with MAb AD6 and HMW1 or HMW2
recombinant proteins. The upper panel indicates the segments of the hmw1A or
hmw2A structural genes that are being expressed in the recombinant proteins.
The lane numbers correspond to the indicated segments. Segments 1 and 2
encode amino acid residues 1233 to 1536 and 1233 to 1388, respectively, of the
HMW1 protein; Segments 3 to 5 encode residues 973 to 1477, 973 to 1402, and
1336 to 1477, respectively, of the HMW2 protein.
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epitope. Although limited in scope, these data suggest that the
AD6 epitope may be a common surface-accessible epitope on
the high-molecular-weight adhesion proteins of most NTHI
strains that express HMW1-HMW2-like proteins.

DISCUSSION
The components of the protective host immune response to

NTHI infection have yet to be fully defined. Bacterial outer
membrane proteins have been demonstrated experimentally to
be potentially important protective antigens (1–3, 8, 16, 23, 25).
Specifically, outer membrane proteins have been shown to be
targets of bactericidal antibodies (8, 21, 22) or to be capable of
stimulating the production of protective antibodies in animal
models of infection (1, 2, 15, 16, 25). Proteins P2 and P6 have
been shown to be targets of human bactericidal antibody (21,
22), and antibody directed against purified P2 was demon-
strated to enhance pulmonary clearance of NTHI in a mouse
model of infection (15). However, from the standpoint of pos-
sible vaccine development, the P2 protein is poorly immuno-

genic in infants recovering from acute otitis media caused by
NTHI (3), and P2 also demonstrates significant strain hetero-
geneity (20, 23) as well as potential instability (13, 14). The P6
protein is highly conserved and remains an attractive vaccine
candidate (11, 22). Recombinant P6 protein, truncated at the
amino terminus and no longer fatty acylated, has also been
prepared, and it too elicits bactericidal antibody and is protec-
tive against infection in a rat bacteremia model (10). Unfor-
tunately, P6 offered little if any protection when evaluated in
the chinchilla otitis model (12). In addition, P6 appears to be
poorly immunogenic in children with recurrent otitis media, a
group that would be a prime target for a nontypeable-Hae-
mophilus vaccine (29). Thus, there is reason to continue efforts
to define additional protective antigens.
Attachment of NTHI to the epithelial surface of the upper

respiratory tract is a critical first step in colonization of the
human host. In theory, interruption of this colonization pro-
cess should prevent disease. With a variety of other bacterial
pathogens, adhesion molecules which, when administered as
components of vaccines, are capable of preventing or modify-
ing disease have been identified (6). In our earlier studies, we
identified the HMW1-HMW2 family of high-molecular-weight
proteins as critical adhesion molecules for NTHI (26). Fur-
thermore, we recently demonstrated that immunization with
these proteins was capable of modifying disease in the chin-
chilla model of nontypeable-Haemophilus otitis media (2).
Thus, these high-molecular-weight adhesion proteins also are
important proteins to consider as possible vaccine candidates.
The degree to which these proteins are conserved among

strains and the extent to which they share common surface-
accessible epitopes is critical to their potential usefulness as
vaccine components. The HMW1-HMW2 family of adhesion
proteins demonstrates significant size heterogeneity when pro-
teins of different strains are compared (Fig. 6). This size vari-
ability is likely indicative of some degree of antigenic variation,
a characteristic which would be important for survival of these
organisms in the human host (7). Although such antigenic
variability could preclude the use of these proteins as compo-
nents of a vaccine providing broad protection against nontype-
able-Haemophilus infection, our MAb data suggest that the
situation might not be so bleak. We were able to identify at
least one surface-exposed B-cell epitope, defined by MAb
AD6, that was shared by most or all NTHI strains which ex-
press HMW1-HMW2-like proteins. Furthermore, we previ-
ously reported that 70 to 75% of nontypeable Haemophilus
strains express proteins of the HMW1-HMW2 family (4). The
identification of shared surface-exposed epitopes on the high-
molecular-weight adhesion proteins suggests that it may be
possible to develop recombinant or synthetic peptide-based
vaccines based upon these proteins which would be protective
against disease caused by the majority of NTHI strains.
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