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Haemophilus parainfluenzae is often isolated from the sputa of patients with chronic obstructive lung disease.
We have investigated the immune response to this organism in patients with chronic bronchitis (n 5 3) and
bronchiectasis (n 5 10) and in healthy controls (n 5 9). Outer membrane proteins (OMPs) of H. parainfluenzae
were purified for use in enzyme-linked immunosorbent and immunoblot assays. Whole-cell H. parainfluenzae
preparations were used to adsorb antibodies from serum samples, which were subsequently immunoblot
assayed to investigate the antibody response to surface-exposed epitopes. Levels of H. parainfluenzae-specific
immunoglobulin G (IgG), but not IgA or IgM, were increased in the sera of patients with chronic obstructive
lung disease compared to levels in control subjects. The species specificity of the antibody response was
confirmed, although a degree of cross-reactivity with H. influenzae antigens was observed. IgA and IgG specific
for OMPs of H. parainfluenzae were demonstrated to be present in the sputa and sera of five patients with
chronic obstructive lung disease. Variation in the pattern and intensity of antigen recognition was observed
among patients and among immunoglobulin classes. OMPs of approximately 36, 22, and 15 kDa were
confirmed to possess epitopes exposed on the surface of intact H. parainfluenzae. We have demonstrated the
presence of a species-specific systemic immune response to H. parainfluenzae in colonized patients. A specific
antibody response was also observed in sputum, and the antigen specificity of these responses in patients with
chronic obstructive lung disease was investigated for the first time. The presence of a specific immune response
suggests that H. parainfluenzae may have a pathogenic role in patients with chronic obstructive lung disease.

Haemophilus parainfluenzae, a common commensal organ-
ism of the normal oropharynx, is becoming recognized as an
opportunistic pathogen causing systemic diseases with a spec-
trum similar to that of the closely related nontypeable Hae-
mophilus influenzae (NTHI), including endocarditis, meningi-
tis, and bacteremia (1, 4). This species of Haemophilus has also
been isolated from the sputa of patients with chronic obstruc-
tive lung disease (20), but whereas the role of NTHI as a
respiratory pathogen has become established, the role of H.
parainfluenzae in both acute and chronic lung infections re-
mains to be elucidated.

The presence of a specific antibody response, over and above
that observed in healthy individuals, is often used as a marker
of current or previous infection by a variety of infectious
agents. Studies of the immune response to NTHI in patients
with chronic obstructive lung disease have been important in
establishing a pathogenic role for the organism (5, 7, 10, 13). In
addition, research has focused on the antigenicity of outer
membrane proteins (OMPs) of NTHI (6, 8, 12, 16–18), since
naturally produced or vaccine-stimulated antibodies specific
for surface-exposed epitopes of these proteins are important in
immune-mediated bacterial clearance mechanisms. In con-
trast, few studies on either the presence or specificity of the
immune response to H. parainfluenzae, particularly in patients
with chronic obstructive lung disease, have been performed.

The outer membrane composition of H. parainfluenzae is
similar to that of other gram-negative bacteria and includes a

major heat-modifiable protein of approximately 37 kDa, pep-
tidoglycan-associated proteins (15, 27), and lipopolysaccha-
rides (21). H. parainfluenzae also appears to exhibit diversity in
OMP profiles similar to that of NTHI (21); however, in con-
trast to the case of NTHI, little work has been published
regarding the antigenic characteristics of the major OMPs of
H. parainfluenzae. Work on H. influenzae has established that
this species has OMPs which include a heat-modifiable protein,
P5; a porin, P2 (26, 27); and a peptidoglycan-associated li-
poprotein, P6 (2). Suzuki et al. (24) have shown that the outer
membrane of H. parainfluenzae also contains proteins which
display homology to P2, P5, and the P6 precursor of H. influ-
enzae. These proteins have all been considered as vaccine can-
didates for protection against H. influenzae infection; however,
their importance as targets for antibodies in patients with
chronic lung disease who are infected with H. parainfluenzae
has not yet been investigated.

In order to provide evidence for or against a role for H.
parainfluenzae as a pathogen in chronic lung disease, we per-
formed a pilot study of patients with chronic bronchitis or
bronchiectasis, who are frequently infected with or colonized
by this species. We investigated the systemic antibody response
in 13 of these patients (3 with chronic bronchitis and 10 with
bronchiectasis) using an enzyme-linked immunosorbent assay
(ELISA) and compared their levels of specific antibody to
those in healthy controls (n 5 9). The species specificity of the
response has been confirmed through adsorption of serum
samples with either H. parainfluenzae or H. influenzae. We also
investigated the patterns of OMP recognition of immunoglob-
ulin G (IgG) and IgA in sputa and sera from five patients with
chronic obstructive lung disease and the specificity of the sys-
temic antibody response for epitopes exposed on the intact
surface of H. parainfluenzae.
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MATERIALS AND METHODS

Patients and controls. Ten patients with idiopathic bronchiectasis proven by
high-resolution computed tomography scanning (seven female and three male;
mean age, 69 years; range, 51 to 83 years) and three patients with Medical
Research Council-defined chronic bronchitis (two female and one male; mean
age, 67 years; range, 63 to 70 years), all with cough and daily production of
sputum from which H. parainfluenzae was isolated regularly, were studied. All
patients had evidence of long-standing airflow obstruction (mean FEV1 as per-
centage of predicted was 56.9 [standard error, 9.2]). Patients provided sputum
from which the sol phase was obtained by centrifugation at 50,000 3 g for 90 min
at 4°C and venous blood from which serum was obtained by low-speed centrif-
ugation. Samples of sputum sol phase and serum were stored at 220°C. Aliquots
of sputum from each patient were also subjected to quantitative bacterial culture
(19), and H. parainfluenzae was present in the samples studied at a mean of 2 3
107 CFU/ml (range, 2 3 105 to 7 3 107 CFU/ml). The identity of H. parainflu-
enzae was confirmed by the API NH typing system (bioMerieux, Basingstoke,
United Kingdom) and by requirements for NAD (V factor) and hemin (X
factor). Isolates were stored in freezing broth (10% [vol/vol] glycerol in brain
heart infusion [BHI] broth) at 270°C until required for study.

Nine healthy control subjects (five female and four male; mean age, 68 years;
range, 61 to 78 years) provided venous blood samples from which serum was
obtained for ELISA, and a further six healthy control subjects (all female; mean
age, 45 years; range, 41 to 52 years) provided serum which was pooled for
immunoblot assay. Two other healthy control subjects (both male, aged 23 and
26 years) underwent sputum induction. Briefly, subjects inhaled hypertonic saline
(3.6% [wt/vol] NaCl) delivered from an ultrasonic nebulizer (Ultraneb; Devilbiss
Healthcare Inc., Philadelphia, Pa.) for 20 min, followed by expectoration of
secretions. The sol phase of these secretions was obtained by centrifugation as
for sputum and pooled for use in immunoblot assay. Samples of sputum sol phase
and sera were stored at 220°C until required.

All subjects gave oral consent to the study of their samples, and the regular
study of samples from patients with bronchiectasis and chronic bronchitis (and
suitable control subjects) had received approval from the local research ethics
committee (South Birmingham Health Authority Local Research Ethical Com-
mittee).

ELISA for antibodies to H. parainfluenzae. The capture antigen was prepared
as follows. Eight distinct isolates of H. parainfluenzae (distinguished by differ-
ences in OMP profiles by sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis [SDS-PAGE]) were grown overnight in BHI broth (75 ml per isolate).
The bacteria were harvested by centrifugation (10,000 3 g at 4°C for 10 min) and
washed by resuspension in 10 ml of phosphate-buffered saline (PBS; pH 7.4),
followed by centrifugation as before. Each isolate was then resuspended in 1 ml
of PBS, and all isolates were combined. The bacteria were sonicated (four bursts
of 15 s, setting 6; Soniprobe; Lucas Dawe Ultrasonics, Hayes, United Kingdom),
and the sonicate was centrifuged as before to remove whole cells. Total protein
content was measured by a modified Lowry method. The sonicate was aliquoted
and stored at 220°C.

The ELISA was modified from the protocol of Suzuki et al. (25). Reagents
were added to wells in volumes of 100 ml, the buffer was PBS containing 0.1%
Tween 20 (PBS-Tw), and incubations were carried out for 1 h at 37°C unless
specified otherwise. Plates were washed three times with PBS-Tw (100 ml/well)
between each stage. Briefly, each well of a microtiter plate (Nunc Maxisorp
Immunoplate; Life Technologies Ltd., Paisley, United Kingdom) was coated with
sonicated H. parainfluenzae (10 mg/ml) in carbonate buffer (0.1 M, pH 9.6). The
plate was incubated overnight at 4°C and washed, and nonspecific binding sites
were blocked with PBS-Tw containing 0.5% bovine serum albumin. Serum sam-
ples from patients or healthy controls were diluted to 1/1,000 for IgG-specific
assays or to 1/100 for IgA- and IgM-specific assays, added to the wells, and
incubated. No-serum controls of buffer only were included in each assay. After
washing, peroxidase-conjugated rabbit anti-IgG, anti-IgA, or anti-IgM (1/1,000 in
PBS-Tw; Dako Ltd., High Wycombe, United Kingdom) was added to each well.
Further incubation and washing were followed by the addition of O-phenylene-
diamine (0.4 mg/ml) in citrate-phosphate buffer (0.1 M, pH 5.0) with hydrogen
peroxide (5 ml/ml of a 30% [vol/vol] solution). After incubation at room tem-
perature for 30 min, the reaction was stopped by the addition of 50 ml of 2.5 M
H2SO4. Absorbance was read at 490 nm. The background value (mean absor-
bance of no-serum controls) was subtracted, the data were expressed as absor-
bance units for IgG, IgA, and IgM in patients and controls, and results for the
two groups of subjects were compared by using the Mann-Whitney U test.

The specificity of the antibody response was assessed by comparing results
from the ELISA after serum samples (diluted to 1/500) had been adsorbed with
an equal volume of either (i) a mixture of whole-cell preparations (prepared as
for capture antigen) of eight different strains of NTHI (0.71 mg/ml) or (ii)
whole-cell preparations of H. parainfluenzae, i.e., the capture antigen as de-
scribed above (0.71 mg/ml). Differences between treatments were assessed by
using Student’s t test for paired data.

Preparation of OMPs from H. parainfluenzae. OMPs were prepared, according
to the method of Williams and Brown (28), from sonicated bacteria by using 2%
(wt/vol) sodium N-lauroyl sarcosine (Sarkosyl; Sigma-Aldrich Company Ltd.,
Poole, United Kingdom) to remove cytoplasmic membranes. Protein content was
estimated by a modified Lowry method, and confirmation of recovery of OMPs

was provided by SDS-PAGE as described below. OMP preparations subjected to
SDS-PAGE and stained with Fast Stain (Zoion Biotech, Worcester, Mass.)
routinely had protein profiles similar to those observed by others (15, 28), i.e.,
three major proteins of approximately 15, 37, and 40 kDa and a number of minor
proteins.

SDS-PAGE and immunoblot assay. Immunoblot assays were used (i) to in-
vestigate the recognition of H. parainfluenzae OMPs by IgG and IgA in sputa and
sera from patients with chronic obstructive lung disease who were regularly
colonized with H. parainfluenzae and (ii) to measure the presence of H. parain-
fluenzae-specific antibodies in the products of adsorption and elution assays (as
described below).

OMPs (25 mg) were subjected to SDS-PAGE on laneless modified Laemmli
gels (containing 12.5% acrylamide) and either fixed (50% methanol, 10% glacial
acetic acid) for total protein staining (Fast Stain; Zoion Biotech) or transferred
to a Hybond nitrocellulose membrane (Amersham, Little Chalfont, United King-
dom) for immunoblot assay. The portion of the nitrocellulose containing the
low-molecular-weight markers was separated and stained for total protein with
colloidal gold (Aurodye forte; Amersham) or Fast Stain. The remainder of the
nitrocellulose was immersed for 1 h at room temperature in Tris-buffered saline
(0.05 M Tris-HCl, 0.15 M NaCl [pH 7.4]) with 0.1% Tween 20 (TTBS) containing
3% skim milk. The nitrocellulose was washed three times in TTBS and incubated
in the presence of diluted serum, sputum sol phase, or buffer only for 1 h at room
temperature and washed as before. The wash solution was replaced with perox-
idase-conjugated sheep antibody specific for human IgG, IgA, and IgM in com-
bination (diluted to 1/2,000 in TTBS; The Binding Site, Birmingham, United
Kingdom) or for IgG or IgA alone (diluted to 1/2,000; Dako). After 1 h, the
nitrocellulose was washed again and color was developed for 10 min with VIP
development solution (Vector Laboratories Ltd., Petersborough, United King-
dom), after which the nitrocellulose was rinsed in distilled water and allowed to
dry.

Adsorption and elution assay. Adsorption of serum antibodies by whole H.
parainfluenzae was modified from the protocols of Loeb (11) and Sethi et al. (22).
Three different isolates of H. parainfluenzae were isolated from the sputa of
bronchiectatic patients regularly colonized with this species and were used to
adsorb antibodies from sera collected from the same patients. Sputa and sera
were collected on the same day. The isolated strains of H. parainfluenzae were
grown to stationary phase in 3 ml of BHI broth supplemented with NAD and
hemin (10 mg/ml) and inoculated into 75 ml of supplemented BHI broth. These
were incubated for 6 to 8 h at 37°C until the absorbance of the bacterial
suspensions reached 0.3 at 600 nm. The bacteria were harvested by centrifuga-
tion (12,000 3 g for 10 min at 4°C), washed at 4°C by resuspension in 10 ml of
PCM buffer (0.01 M Na2PO4, 0.15 M NaCl, 0.15 mM CaCl2, 0.5 mM MgCl2 [pH
7.2]), and centrifuged as before. The pellets were resuspended in 1 ml of PCM
buffer in a microcentrifuge tube and pelleted at high speed in a microcentrifuge
for 5 min at 4°C. The supernatant was discarded and the bacterial pellet was
gently resuspended in 1 ml of heat-inactivated serum (1/200). The suspensions
were incubated on ice for 30 min with gentle mixing every 5 min, followed by
centrifugation at maximum speed in a microcentrifuge for 15 min at 4°C. The
supernatant was transferred to a fresh microcentrifuge tube and centrifuged as
before, and the final supernatant was transferred to another microcentrifuge
tube and stored at 220°C as adsorbed serum. A control organism, Escherichia
coli, was subjected to the protocol simultaneously.

Antibodies were eluted from intact bacteria as follows. Briefly, strains of H.
parainfluenzae or E. coli were subjected to the adsorption protocol described
above, with the exception that serum was diluted to 1/10. The bacterial pellet was
retained at the end of the procedure and the adsorbed serum was discarded. The
pellet was washed three times with 1 ml of PCM buffer by resuspension and
centrifugation at maximum speed in a microcentrifuge for 2 min at 4°C. The
pellet was then resuspended in 1 ml of elution buffer (0.2 M NaCl, 0.2 M glycine
[pH 2.8]) and incubated for 30 min at room temperature on an orbital shaker at
300 rpm. Native serum, adsorbed serum, and eluted antibodies were tested in
immunoblot assays for the presence of antibodies which could recognize antigens
in an OMP preparation of the isolate of H. parainfluenzae which was used to
perform the adsorption and elution assay.

RESULTS

ELISA for antibodies to H. parainfluenzae. Levels of IgG,
IgA, and IgM antibody against whole-cell H. parainfluenzae
antigens in the sera of 13 patients with chronic obstructive lung
disease (10 with bronchiectasis and 3 with chronic bronchitis)
and 9 healthy control subjects are shown in Fig. 1. Antibody
recognizing H. parainfluenzae was found to be present in all
patients and control subjects studied, with the exception of a
single control subject in whom only specific IgM was undetect-
able. Levels of H. parainfluenzae-reactive IgG were signifi-
cantly higher in patients than in controls (mean absorbance in
patients, 0.51; standard deviation [SD], 0.23; mean absorbance
in controls, 0.26; SD, 0.15; P , 0.01). Mean levels of IgA and
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IgM recognizing H. parainfluenzae were lower than those of
IgG in patients and controls, and no significant differences
were observed between the two groups with regard to IgA
(mean absorbance in patients, 0.22; SD, 0.15; mean absorbance
in controls, 0.15; SD, 0.11) or IgM (mean absorbance in pa-
tients, 0.07; SD, 0.05; mean absorbance in controls, 0.08; SD,
0.07). There was a significant inverse correlation between bac-
terial load in sputum and levels of reactive IgG in serum
(Spearman’s rank correlation coefficient [r], 20.57; 2P , 0.05)
(Fig. 2). There was no significant correlation between bacterial
load and IgA or IgM.

The species specificity of the antibody reacting with a whole-
cell preparation of H. parainfluenzae was tested by comparing
the results of the ELISA after serum samples from all of the
patients had been adsorbed with either sonicated whole-cell
preparations of H. parainfluenzae or similar preparations of H.
influenzae. Results are shown in Fig. 3, along with the level of

reactive antibody measured in unadsorbed serum. A reduction
in H. parainfluenzae-reactive IgG was observed after adsorp-
tion of serum with H. influenzae (for unadsorbed sera, the
mean absorbance was 0.79 and the SD was 0.33; for sera
adsorbed with H. influenzae, the mean absorbance was 0.29 and
the SD was 0.11 [P , 0.001]). However, a far greater reduction
was observed when serum samples were adsorbed with H.
parainfluenzae (mean absorbance, 0.06; SD, 0.03), resulting in
levels which were significantly lower than those both in unad-
sorbed serum (P , 0.001) and in serum adsorbed with H.
influenzae (P , 0.001).

Immunoblot assay of serum and sputum sol phase. Sera
(1/100) and sputum sol phase (1/10) from five patients (two
with chronic bronchitis and three with bronchiectasis) were
immunoblot assayed for the presence of IgG and IgA specific
for OMPs prepared from a single strain (CF3115) of H. para-
influenzae (Fig. 4a). Staining by IgG-specific antibodies was

FIG. 1. Serum IgG, IgA, and IgM specific for H. parainfluenzae antigens in 13 patients with chronic obstructive lung disease (F) and in 9 healthy controls (E).
Horizontal bars indicate means.

FIG. 2. Numbers of H. parainfluenzae organisms isolated from sputum versus reactive IgG in serum (expressed as arbitrary absorbance units), with coefficient of
correlation and statistical significance.
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more intense than that by IgA-specific antibodies. Similar pat-
terns of recognition were observed when sputum and serum
from the same patient were compared, although patterns did
vary among individuals. Samples from two patients displayed
low levels of staining of OMPs by sputum IgG (Fig. 4a, lanes B
and D). Generally, staining was most intense in IgG-specific
assays of serum, whereas for IgA, sputum provided more in-
tense staining than serum. Overall, the specificities of IgG and

IgA varied in that an antigen of approximately 22 kDa and
several more between 45 and 66 kDa were recognized by IgG
only. Two antigens consistently recognized by IgG and IgA had
approximate molecular masses of 15 and 37 kDa.

Pooled serum and induced sputum sol phase obtained from
healthy controls were also immunoblot assayed for the pres-
ence of IgG, IgA, and IgM antibodies recognizing OMP anti-
gens of strain CF3115 (Fig. 4b). Two antigens of approximately

FIG. 3. Mean serum IgG (with standard errors) specific for H. parainfluenzae antigens in native serum, serum adsorbed with H. parainfluenzae (HPI) antigens, and
serum adsorbed with NTHI antigens.

FIG. 4. Composite immunoblots of H. parainfluenzae (strain CF3115). (a) OMP-specific IgG and IgA in sputum sol phase (1/10) or sera (1/100) from each of five
patients with chronic obstructive lung disease. Sputum sol phase is on the left of each pair of immunoassay strips. Samples assayed in pairs A and F and B and G were
obtained from patients with chronic bronchitis; samples in pairs C and H, D and I, and E and J were obtained from patients with bronchiectasis. (b) Lanes A and B,
molecular mass markers and OMPs, respectively, both stained for total protein with colloidal gold; lane C, a pair of immunoassay strips of OMP-specific IgG, IgA, and
IgM in samples obtained from healthy controls, with pooled induced sputum sol phase (1/10) on the left and pooled serum (1/100) on the right; lane D, buffer-only
control.
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15 and 37 kDa were recognized faintly by antibodies in serum
(Fig. 4b, lane C). Staining by sputum antibodies was negligible.

No specific staining of the buffer-only control (Fig. 4b, lane
D) was observed in either of the above assays.

Adsorption and elution assay. Three adsorption assays were
performed; the results of one are shown in Fig. 5. In two of the
assays, three H. parainfluenzae OMPs (approximate molecular
masses of 37, 22, and 15 kDa) were recognized by IgG, IgA,
and IgM antibodies in heat-treated homologous serum, and
two OMPs (22 and 15 kDa) were recognized by IgG, IgA, and
IgM in heat-treated serum from the remaining patient. In all
assays, adsorption of sera with the control organism, E. coli
(Fig. 5, lane B), had no effect on the intensity of antibody
recognition of H. parainfluenzae OMPs. Adsorption with intact
H. parainfluenzae (Fig. 5, lane C), however, reduced the rec-
ognition of OMPs to negligible levels. After adsorption, anti-
bodies specific for H. parainfluenzae OMPs could be eluted
from the surface of H. parainfluenzae (Fig. 5, lane F) but not
from the surface of similarly treated E. coli (Fig. 5, lane E).

DISCUSSION

H. parainfluenzae is isolated from the sputa of patients with
chronic lung disease in relatively large numbers and at a fre-
quency similar to that of accepted respiratory pathogens such
as NTHI (9). Little work, however, has been performed inves-
tigating the contribution of this species to the pathogenesis of
chronic lung disease, and since, like other members of the
genus including NTHI, H. parainfluenzae is frequently isolated
from the oropharynx, it has been regarded as a contaminating
commensal organism when isolated from sputa. In this pilot
study we have therefore begun to investigate the antibody

response to H. parainfluenzae as part of our studies of the role
of this species in chronic lung infection.

Results from the ELISA described here demonstrated that
patients who were regularly colonized with H. parainfluenzae
had higher levels of serum IgG specific for this organism than
did healthy control subjects (Fig. 1). Patients with chronic lung
disease, however, are likely to have been colonized with NTHI,
and H. parainfluenzae is known to possess antigens which cross-
react with rabbit antibodies to H. influenzae (23). The speci-
ficity of the systemic immune response observed in our patients
was therefore confirmed through adsorption of serum samples
with whole-cell preparations of either NTHI or H. parainflu-
enzae prior to measurement of H. parainfluenzae-reactive IgG
by ELISA. Adsorption with NTHI reduced the amount of IgG
specific for H. parainfluenzae in serum samples (Fig. 3), though
this was to be expected since a sonicated whole-cell prepara-
tion was used. This preparation is certain to contain antigens
shared with a variety of bacterial species, including H. parain-
fluenzae (23), and will therefore adsorb cross-reactive antibody
in serum samples tested. Adsorption of native serum with H.
parainfluenzae, however, resulted in a reduction of reactive
antibody to very low levels (P , 0.001; 13 times lower than that
observed after adsorption with H. influenzae). This result, to-
gether with the data from the original ELISA, strongly indi-
cates that there is an elevated systemic IgG response to H.
parainfluenzae in patients from whom this organism is fre-
quently isolated. Interestingly, there was an inverse correlation
between bacterial load in the sputa of these patients and levels
of H. parainfluenzae-reactive IgG in their sera. It is possible
that in patients with lower levels of reactive IgG, the larger
numbers of colonizing bacteria in their airways are a conse-
quence of lower levels of opsonizing antibody transudating
from serum to airway secretions. It is not possible, however, to
draw any firm conclusions from the small number of patients
studied here.

Immunoblot assays were performed in an effort to identify
which OMPs of H. parainfluenzae were recognized by specific
antibodies in sera and sputa from patients with chronic ob-
structive lung disease. IgG and IgA antibodies specific for
OMPs were demonstrated to be present in both the sera and
sputa of the patients studied. Up to 14 different OMPs of the
single strain of H. parainfluenzae studied, ranging from 15 to 70
kDa, were recognized by serum IgG. Recognition by sputum
IgG followed a similar pattern of staining but was generally of
lower intensity. Fewer antigens were recognized by IgA in
serum or sputum, but two antigens, of 37 and 15 kDa, were
most consistently recognized by IgA and IgG. The exact iden-
tity of these OMPs is unknown, but it is possible that the
37-kDa OMP is the same as that described by Suzuki et al. (24)
and possesses some homology to the porin protein, P2, of
NTHI. The consistent antibody recognition of the 15-kDa
OMP is similar to that previously observed for P6 (a 16-kDa,
surface-exposed, antigenically conserved lipoprotein of NTHI)
in patients with bronchiectasis (14). Bogdan and Apicella (3)
have shown that of the Haemophilus species, H. parainfluenzae
is the only one that does not contain the protein P6. Suzuki and
colleagues (24), however, have identified an OMP which ex-
hibits homology to the OMP P6 precursor of H. influenzae, and
it is therefore possible that H. parainfluenzae possesses a
closely related protein.

Since antibody-mediated clearance of infecting organisms
can succeed only in the presence of antibodies recognizing
epitopes exposed by live bacteria, the potential functional sig-
nificance of the antibody response to H. parainfluenzae in these
patients was investigated by using intact bacteria isolated from
their sputa to adsorb antibodies from their sera. Antibodies

FIG. 5. Composite immunoblot demonstrating the results of an adsorption
and elution assay specific for serum IgG, IgA, and IgM recognizing OMPs of H.
parainfluenzae (strain CF3115) or E. coli. Lanes: A, low-molecular-mass markers
stained with Fast Stain; B, serum adsorbed with E. coli; C, serum adsorbed with
H. parainfluenzae; D, native serum (1/200); E, antibodies eluted from E. coli; F,
antibodies eluted from H. parainfluenzae; G, buffer-only control. Unlabelled
lane, stain for total protein with colloidal gold.
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reacting with surface-exposed epitopes were then eluted from
the surface of the bacteria, and the results were visualized by
immunoblot assay. The 36- and 15-kDa antigens described
above, together with a 22-kDa antigen (recognized by serum
IgG in three of the five patients’ samples) initially studied by
immunoassay, were demonstrated to possess surface-exposed
epitopes, which suggests that they may be important in im-
mune recognition and antibody-dependent clearance mecha-
nisms.

These initial studies, therefore, have demonstrated the pres-
ence of a specific immune response in the sera and sputa of a
group of patients with chronic obstructive lung disease who are
colonized by or frequently infected with H. parainfluenzae. We
have shown that a variety of OMPs are recognized by antibod-
ies in these patients but that apparently only three of these
possess epitopes exposed on the surface of the intact bacteria.
Further studies are necessary to confirm the identity of these
antigens and to measure the functional capabilities of antibod-
ies recognizing H. parainfluenzae in these patients.
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