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Patients with chronic bronchitis are colonized by and may develop acute bronchopulmonary infection due to
nontypable Haemophilus influenzae (NTHI) despite the presence of bactericidal and opsonizing antibody to the
infecting organism. To test the hypothesis that secretory immunoglobulin A (IgA) interferes with host defense
mechanisms, we extracted secretory IgA from bronchopulmonary secretions of five patients with NTHI
pneumonia. NTHI was incubated with IgA before or during incubation with each patient's own serum or
normnal human serum. IgA from four of these individuals blocked the bactericidal and opsonizing effects of
normal human serum and/or their own serum against their own and/or other NTHI. IgA from bronchopulmo-
nary secretions of patients not infected with NTHI or from the serum of a patient with an IgA myeloma had no
such effect. Blocking appeared to result from a direct interaction between IgA and the bacteria. The presumed
mechanism is an interaction with bacterial surface antigens, although it is not known whether this occurs at
antigenic sites responsible for bactericidal and opsonizing activity or whether interaction with adjacent
antigenic sites and subsequent steric interference is responsible. This blocking effect of IgA may be one
mechanism that allows for the development of NTHI colonization or pneumonia in an individual who already
has seemingly adequate antibody against the infecting organism.

Patients with chronic bronchitis may have colonization of
the bronchial tree (8, 9) or a spectrum of acute infection
including purulent febrile tracheobronchitis and pneumonia
(2, 11, 12, 15, 20) due to nontypable Haemophilus influenzae
(NTHI). Colonization and infection appear to occur despite
the presence of substantial bactericidal activity and variable
opsonizing activity in the serum of normal subjects (14) or
those hospitalized for acute lower respiratory NTHI infec-
tion (15). Specific antibody to (presumably nontypable) H.
influenzae has been demonstrated in sputum of patients with
chronic bronchitis (7). Recent studies have shown that
immunoglobulin and complement are both present in bron-
chopulmonary secretions in sufficient concentrations (1) to
be bactericidal for NTHI and to opsonize these organisms
for ingestion by polymorphonuclear leukocytes (PMN) (14).
A number of factors may contribute to bacterial persistence
and proliferation under these circumstances. In the experi-
ments described in this paper we chose to investigate the
hypothesis that secretory immunoglobulin A (IgA) present in
respiratory secretions contributes to colonization and/or
infection by blocking the interaction between bactericidal or
opsonizing antibody and NTHI.

MATERIALS AND METHODS
Bacteria. Pleomorphic gram-negative coccobacilli were

seen in Gram stain as the overwhelmingly predominant
organism, and H. influenzae predominated in cultures of
bronchopulmonary secretions from five patients with acute
pneumonia (16). H. influenzae formed grayish colonies on
chocolate but not on sheep blood agar, required hemin and
NAD for growth, and did not ferment sucrose (17). Serotyp-
ing was carried out by counterimmunoelectrophoresis (14)
with antisera to H. influenzae types a through f, provided by
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the Centers for Disease Control, Atlanta, Ga.; each study
included one H. influenzae of each serotype and several
NTHI as positive and negative controls, respectively. The
five isolates of H. influenzae used in these studies were
determined to be nontypable based on their failure to form
precipitin lines with any of the six antisera. Bacteria were
grown overnight in tryptic soy broth to which 10 ,ug of hemin
and NAD per ml had been added. Bacteria were radiolabeled
for phagocytosis by the addition of [3H]thymidine (specific
activity, 80 Ci/mmol; New England Nuclear Corp., Boston,
Mass.) at the start of the incubation to yield 1 p.Ci/ml; the
usual uptake was 30,000 to 50,000 cpm/107 bacteria.
Bronchopulmonary secretions. Purulent bronchopulmo-

nary secretions were obtained from five patients within 2
days of hospitalization for acute pneumonia due to NTHI
(15). Bronchopulmonary secretions were also obtained from
four additional patients (non-NTHI-infected controls) who
were hospitalized in a medical intensive care unit for a
variety of complicated medical illnesses and were not infect-
ed with H. influenzae, although the possibility that they had
previously been infected with NTHI could not be excluded.

Extraction of IgA. Bronchopulmonary secretions were
homogenized by dropwise addition of 20% N-acetylcysteine
with vigorous agitation, and particulate matter was removed
by centrifugation at 1,500 x g. IgA was assayed by radioim-
munodiffusion (Meloy, Springfield, Va.); the concentration
of secretory IgA (referred to hereafter as IgA concentra-
tions) was calculated by using serum IgA standards and
multiplying by a conversion factor of 5.6 (5). IgA concentra-
tions in these homogenized samples ranged from 1 to 4 mg/
ml.
IgA was extracted in accordance with accepted methods

(19). An equal volume of a saturated solution of NH4S04
was added to homogenized bronchopulmonary secretions
with continuous stirring, and this suspension was allowed to
stand overnight at room temperature; centrifugation at
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17,000 x g was used to collect precipitated immunoglob-
ulins. The precipitate was resuspended in phosphate-buff-
ered saline (PBS; pH 7.4) and dialyzed at 4°C for 24 to 48 h
against PBS with repeated changes of the dialyzing solution.
The dialyzed material was put over columns of Sephacryl S-
300 (Pharmacia Fine Chemicals, Inc., Piscataway, N.J.).
Ouchterlony diffusion with goat antiserum to human IgA was
used to detect IgA-containing fractions, which were then
pooled, placed in dialysis tubing, and concentrated back to
the starting volume by treatment of the external surface with
Sephadex G-200 (Pharmacia). Total protein was measured
(Bio-Rad Laboratories, Richmond, Calif.), and IgA was
found to constitute 60 to 90% of the protein present; IgG was
not detectable (<0.01 mg/ml; radioimmunodiffusion assay;
Meloy).

After incubation with these IgA preparations, NTHI
bound IgA as demonstrated by the subsequent binding of
125I-labeled rabbit anti-human IgA. Neither IgG nor IgM
could be detected on the NTHI using radiolabeled antisera
specific for those isotypes. When necessary, IgA solutions
were adjusted to yield final concentrations of 1 mg/ml.
Serum. Pooled normal human serum (NHS) was obtained

by separating and pooling the serum from the blood of 10
normal, healthy adults. Serum was obtained from patients on
admission and 2 to 3 weeks later, after the completion of a
course of antibiotics for pulmonary infection. Sera were
stored in 0.5-ml aliquots at -70°C.

Bactericidal assay. Various concentrations of IgA were
added to suspensions of 105 to 106 CFU of NTHI per ml in
PBS that contained 2.5% heat-treated fetal calf serum and
incubated for 30 min at 37°C; this treatment was shown not
to reduce CFU. Fetal calf serum was added because NTHI
lost viability in PBS in the absence of such a buffering
solution. NHS or the patient's own serum was then added to
yield a final concentration of 10%. In some experiments,
bacteria were collected by centrifugation and washed three
times in PBS to remove nonadherent IgA before the addition
of serum. Samples were removed just before the serum was
added (time zero) and thereafter at 30-min intervals, diluted
serially when indicated, and plated in duplicate on chocolate
agar. CFU were counted after overnight incubation at 37°C
under 5% CO2.
To determine a blocking effect of IgA, CFU per milliliter

were converted to logl0, and the results of all experiments
were averaged. Significant suppression was defined as .1
logl0 reduction in the bactericidal effect of serum with IgA
compared with serum without IgA, indicating .90% sup-
pression of the bactericidal activity.

Opsonization. Radiolabeled bacteria were washed three
times, resuspended to yield 5 x 107 CFU/ml in Hanks
balanced salt solution, and incubated with the desired con-
centration of IgA at 37°C for 30 min. Serum was then added
to yield a 10% concentration, and the incubation was contin-
ued for 30 additional min. Bacteria were collected by centrif-
ugation at 1,700 x g and resuspended in Hanks balanced salt
solution that contained 0.1% gelatin.

Phagocytosis. Phagocytosis was studied by techniques we
have previously described (16). PMN were separated from
peripheral blood of normal human donors by dextran sedi-
mentation and centrifugation over Ficoll and resuspended in
Hanks balanced salt solution that contained 0.1% gelatin.
Phagocytosis was studied by the addition of 106 PMN to 107
CFU of preopsonized, radiolabeled bacteria in a total vol-
ume of 0.4 ml and vigorous shaking in a water bath at 37°C.
At various time intervals the reaction was stopped by the
addition of 2 ml of iced PBS. Non-cell-associated bacteria

were removed by a series of three washings in cold PBS,
each with centrifugation for 5 min at 160 x g, yielding a final
centrifuged pellet that contained PMN and cell-associated
bacteria. Total bacteria present in the incubation mixture
was obtained by centrifuging a duplicate set of reaction tubes
for 10 min at 1,700 x g. Centrifuged pellets were suspended
in 2 ml of scintillation fluid (ACS; Amersham Corp., Arling-
ton Heights, Ill.), and discharges were counted in a scintilla-
tion spectrometer (model 3375; Packard Instruments, Down-
ers Grove, Ill.). Cell-associated bacteria were reported as a
percentage of the total 3H-labeled NTHI that had been
present during incubation. Electron microscopic studies (F.
Gyorkey, unpublished observations) showed that virtually
all bacterial forms present at the end of the differential
centrifugation procedure were contained within phagocytic
vacuoles.
A blocking effect of IgA on phagocytosis was calculated as

follows. The uptake of NTHI after preincubation in IgA and
opsonization with 10% serum was subtracted from the
uptake after opsonization in serum alone; this result was
then divided by the uptake after opsonization in serum
alone. The degree of suppression in each experiment was
thus calculated as a percentage. The overall degree of
suppression is reported as the average of results obtained in
every individual experiment. A mean difference of '10% is
considered not significant.
Adherence of IgA to bacterial surfaces. An indirect immu-

nofluorescence assay was used to verify the interaction
between NTHI and IgA. NTHI were washed three times in
PBS, resuspended to a concentration of about 107/ml,
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FIG. 1. NTHI (105/ml) from a patient with NTHI pneumonia
(patient 1) was incubated with 0.4 mg of IgA per ml extracted from
the patient's own sputum, after which 10% NHS was added.
Bacteria were also incubated with IgA alone and with 10% NHS
alone.
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streaked onto glass slides, and allowed to dry at room
temperature. An appropriate dilution of IgA was overlaid,
and slides were incubated in a moist chamber for 30 min at
room temperature. The slides were then washed three times
in PBS for 10 min and flooded with dilutions of fluorescein-
conjugated goat anti-human IgA (Cappel Laboratories,
Downington, Pa.) that had previously been adsorbed twice
with 101 CFU of NTHI per ml. After an additional 30 min of
incubation, the slides were washed copiously. Coded slides
were examined with a fluorescent microscope (Leitz Dialux
20 EB) with Ploem optics. Bacteria incubated with unad-
sorbed NHS or PBS alone served as positive or negative
controls, respectively.

RESULTS
Bactericidal activity. Incubating NTHI with 10% pooled

NHS generally caused 99 to 99.9% killing in 1 to 2 h.
Preincubation with IgA extracted from bronchopulmonary
secretions of four of the five subjects with NTHI pneumonia
blocked the bactericidal activity of pooled NHS and/or the
patients' own serum. Figure 1 gives results from a repre-
sentative experiment in which NTHI was incubated in PBS
containing 0.5 mg of IgA per ml or in PBS alone, followed by
the addition of 10% NHS; prior incubation with IgA caused a
2.1 log10 (99.2%) decrease in bacterial killing at 1 h. The
NTHI and IgA in this experiment had both been derived
from one patient with NTHI pneumonia. Similar results
were observed when this patient's own serum was used in
place of NHS (Patient 1, Table 1). The bactericidal effect of
NHS was blocked in a dose-related fashion at concentrations
ranging from 0.025 to 0.4 mg of IgA per ml (Fig. 2). No
decrease in bacterial viability resulted from incubating
NTHI in 1 mg of IgA per ml with or without 10% guinea pig
serum.
Table 1 summarizes data from all the experiments that

studied the effect of secretory IgA from these five patients
on serum bactericidal activity. IgA blocked the bactericidal

TABLE 1. Blocking of bactericidal activity of human serum
against NTHI by secretory IgAa

Mean log10
IgA No. of Serum from Organism decrease in

source expts patient from patient bactericidal
activityb

Patient 1 9 NHS 1 1.7
2 1 1 1.6

Patient 2 4 NHS 2 1.6
2 2 2 NS

Patient 3 3 NHS 3 NS
2 3 3 2.1

Patient 4 2 NHS 4 -C
2 NHS 1 3.1
1 1 1 3.2

Patient 5 4 NHS 5 NS
3 5 5 NS
2 1 1 NS

a IgA, serum, and NTHI were obtained from five individual subjects with
NTHI pneumonia. The IgA concentration was usually 0.5 mg/ml (range, 0.4 to
0.6 mg/ml), and the serum concentration was 10%.

b Data are reported as mean log1o differences in CFU from all experiments
that compared incubation with and without IgA. Mean differences less than 1
logl0 (i.e., <90% suppression of bactericidal activity) were regarded as not
significant (NS).

-, NHS had no bactericidal effect against this isolate.
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FIG. 2. NTHI (5 x 105/ml) from patient 1 was incubated with
increasing concentrations of the patient's IgA, after which 10%
NHS was added. NTHI was also incubated without NHS or IgA and
without IgA but with the addition of 10% NHS.

activity of NHS and/or autologous serum on NTHI in two of
the first three patients listed in Table 1. IgA from patient 4
blocked the bactericidal effect of NHS or autologous serum
against another patient's NTHI, indicating cross-reactivity
of the interaction. Preincubation with IgA from patient 5
failed to alter the bactericidal effect of serum against his own
or other isolates of NTHI. Incubation with IgA extracted
from bronchopulmonary secretions of four non-NTHI-in-
fected controls or from serum of a patient with IgA myeloma
produced no blocking effect. When IgA and serum were
added to NTHI together (i.e., without preincubation), simi-
lar results were obtained (data not shown).

Several experiments were undertaken to verify that a
direct interaction between IgA and NTHI was responsible
for the observed blocking effect. Studies with fluorescein-
labeled goat antiserum to IgA or 125I-labeled rabbit anti-
human IgA documented that incubation of NTHI with
secretory IgA led to deposition of IgA on the bacterial
surface. The possibility that blocking resulted from a direct
interaction between IgA and serum IgG or IgM was excluded
by experiments in which NTHI was incubated with IgA and
washed repeatedly before the addition of NHS; the blocking
effect was still present. Preincubation of IgA with immobi-
lized Fab' fragments also failed to reduce the degree of
blocking, thereby excluding the possibility that IgA acted by
interfering with immunoglobulin antigen-binding sites (3, 4).

Opsonizing activity. IgA isolated from bronchopulmonary
secretions of three patients blocked opsonization of their
own NTHI by NHS and their own serum. As shown in the
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TABLE 2. Blocking effect of IgA on the opsonization of NTHI
by human seruma

IgA Source of: % Reduction
source No. of expts of

Serum NTHI opsonizationb
Patient 1 4 NHS Patient 1 35

2 Patient 1 Patient 1 16

Patient 2 3 NHS Patient 2 14
2 Patient 2 Patient 2 16

Patient 3 5 NHS Patient 3 14
4 Patient 3 Patient 3 20

Patient 5 2 NHS Patient 5 NS
2 Patient 5 Patient 5 NS

Patient 1 2 NHS Patient 2 NS
1 Patient 2 Patient 2 NS

Patient 2 2 NHS Patient 1 17
1 Patient 1 Patient 1 23

Patient 3 3 NHS Patient 2 14
3 Patient 2 Patient 2 NS

Patient 3 3 NHS Patient 1 NS
3 Patient 1 Patient 1 NS

Patient 4 1 NHS Patient 1 27
1 Patient 1 Patient 1 45

a IgA, serum, and NTHI were obtained from five individual subjects with
NTHI pneumonia.

b Data are reported as the mean percentage decrease in opsonizing effect by
human serum (i.e., blocking effect) after preincubation with IgA. Differences
of '109o are considered not significant (NS).

upper half of Table 2, phagocytosis was reduced by 14 to
35%. IgA from patient 5 that had failed to block bactericidal
activity of human serum did not reduce opsonization, and no
blocking resulted from incubating NTHI with IgA from non-
NTHI-infected controls. Studies of the specificity of the IgA
blocking effect using IgA from one subject with NTHI from
others gave mixed results, with reduction in uptake of up to
45% being observed (Table 2, lower half).

DISCUSSION
Of the mechanisms that might protect the human host

against bronchopulmonary infection with NTHI, the capaci-
ty of humoral antibody and complement to kill these micro-
organisms or to opsonize them for phagocytosis by alveolar
macrophages or PMN is likely to play a major role. The
presence of bactericidal and opsonizing antibody in the
serum of patients at the time they come to medical attention
for pneumonia due to NTHI (15), together with the likeli-
hood that these substances are also present in sputum (1, 7),
raises the possibility that some factor(s) might inhibit the
antibody-bacterium interaction.

Previous studies have demonstrated that certain non-
bactericidal antibodies, termed blocking antibodies, may
interact with bacterial surfaces and prevent the subsequent
interaction with bactericidal antibody. Thus, hyperimmuni-
zation of rabbits with Brucella abortus leads to the emer-
gence of serum IgA that blocks the bactericidal activity of
human serum (10), and removing IgA from the serum of
some young adults acutely ill with meningococcal meningitis
allows expression of bactericidal antibody that might other-
wise have protected the host against such severe infection
(6). Normal human serum also contains IgG that blocks

bactericidal activity against Neisseria gonorrhoeae (13);
serum resistance of isolates that cause disseminated infec-
tion is thought to result, at least in part, from this blocking
effect (18). A preliminary communication has suggested a
possible role for IgA in blocking the protective effect of
immune serum in mice challenged with Streptococcus pneu-
moniae (D. E. Briles, C. Forman, S. Hudak, and L. Claflin,
Abstr. Annu. Meet. Am. Soc. Microbiol. 1983, E40, p. 83).
The results of the present study show that secretory IgA

blocks the effect of bactericidal and opsonizing antibody
against NTHI. This report is the first to show that IgA from
bronchopulmonary secretions can block bactericidal or op-
sonizing activity against a common pulmonary pathogen.
These studies utilized secretory IgA, serum, and NTHI that
had all been obtained from individual patients at the time
they were hospitalized for acute NTHI pneumonia, thereby
giving further clinical relevance to the findings.

Binding of IgA to the surface of NTHI was thought to be
responsible for the blocking effect, based on (i) the demon-
stration by immunofluorescent and radioimmune techniques
of IgA on the surface of NTHI after incubation and washing
and (ii) the failure of repeated washings to remove the
blocking effect. The mechanism for the observed blocking,
namely, whether IgA actually binds antigenic sites that
might otherwise interact with IgG or IgM or whether it
attaches at other sites but then blocks by steric interference
remains to be elucidated. The possibility that proteins other
than IgA or degradation products of IgA may have been
responsible for the observed blocking cannot be excluded,
although some of our IgA preparations appeared to have
.95% purity. Since the antigenic components of NTHI that
interact with antibody and lead to killing or opsonization
have not yet been identified, it is difficult to hypothesize
which site(s) is involved in the observed blocking effect.
The specificity of the IgA-bacterial interaction did not

follow a clear-cut pattern, probably reflecting a substantial
degree of antigenic similarity among NTHI (14). Thus, one
could not conclude that IgA was more likely to block
antibody present in NHS or in a patient's own serum, nor
could the cross-reactivity among different isolates predicted.
Nevertheless, IgA from bronchopulmonary secretions of
four uninfected patients and serum IgA from a patient with
an IgA myeloma demonstrated no blocking effect, indicating
that an antigenic relation between IgA and the colonizing
NTHI is necessary for blocking to take place.

In summary, these studies suggest that blocking of the
interaction between IgG or IgM and NTHI by secretory IgA
may contribute to the occurrence of NTHI colonization
pneumonia in individuals who already have demonstrable
bactericidal and opsonizing antibody to these organisms.
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ADDENDUM IN PROOF

A recent report has shown that homogenized whole spu-
tum from patients with cystic fibrosis inhibits the bactericid-
al effect of normal human serum for mucoid Pseudomonas
aeruginosa (N. L. Schiller and R. L. Millard, Pediatr. Res.
17:747-752. 1983).
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