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IgE Antibodies to Bacteria in
Patients with Bronchial Asthma
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Bacterial respiratory infections, especially with Haemophilus influenzae and
Streptococcus pneumoniae, are frequently associated with an increase of airways
obstruction in patients with bronchial asthma. The possible involvement of immediate
hypersensitivity in this phenomenon was studied. IgE antibodies to Haemophilus influenzae
(HI) and Streptococcus pheumoniae (SPn) were investigated in the serum of 190 adult
patients with bronchial asthma. The IgE antibodies were measured using a solid phase
radioimmunoassay method. Living bacteria were used as solid phase. A correction ofthe
non-specific binding of IgE was necessary. IgE antibodies to one or both bacteria were
present in 55 ofthe 190 patients (29%).

Eighteen patients were sensitive to HI, 33 to SPn and four to both bacteria.
Significantly more IgE antibodies to bacteria were found in patients with demonstrable
IgE antibodies to various inhalant allergens. However, the IgE antibodies to one or both
bacteria were also present in 22% of patients with no other demonstrable IgE mediated
hypersensitivity. The total serum IgE level in patients with IgE antibodies to bacteria
was not significantly higher than in patients without hypersensitivity to these bacteria.
From these data we concluded that immediate hypersensitivity to bacteria may play a
role in the infectious exacerbations of bronchial asthma.
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An increased frequency of respiratory specific products such as endotoxin, bacterial

infections is observed in patients with enzymes or the histamine sensitizing factor

bronchial asthma (9, 10). Both viral and (15). Immunological phenomena leading to

bacterial infections of the respiratory tract are the release of bronchoconstrictory mediators

frequently associated with an increase of the have also been postulated (7, 12, 18).

airways obstruction. The mechanisms involved The present investigation was started in

in this increase of airway resistance during a order to look for an immediate type

bacterial respiratory tract infection are not hypersensitivity in bacterial exacerbations of

clear. Several explanations are possible. An bronchial asthma. Haemophilus influenzae and
increase in the amount and the viscosity of the Streptococcus pneumoniae are the most common

sputum may certainly play a role. However, bacterial species associated with an acute

during acute infectious exacerbations, most infectious exacerbation of bronchial asthma,

patients with bronchial asthma show a severe IgE antibodies to these bacteria were assayed

degree of bronchospasm. The broncho- in the serum of patients with bronchial asthma,

constriction may be due to the action of non-
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Fig. 1. Radioimmunoassay for IgE antibodies to
Streptococcus pneumoniae. The curve illustrates the binding of
normal and myeloma IgE (mean 4; 2 s.d.) to the bacteria.
Square signs illustrate positive patient sera.

PATIENTS AND METHODS

Patients and controls

190 patients with bronchial asthma (1), 94
females and 96 males were involved in the
study. Their age varied from 14 to 52 years.
Patients with atopic eczema were excluded
from the study. The controls were healthy
persons employed at the department of chest
diseases. The human myeloma IgE was a gift
of J. P. Vaerman, Brussels.

Measurement of antibacterial IgE

A solid phase radioimmunoassay method with
living bacteria as solid phase was used for the
detection of bacteria-specific IgE (13).
Bacteria were grown on liquid culture medium
and washed extensively in saline before use in
the assay in order to eliminate contamination

from the culture medium. The bacteria were
taken at random from positive sputum
cultures. No serotyping was performed.
Approximately 10̂  bacteria were incubated
with 100 ptl undiluted serum during 3h by
continuous shaking. The bacteria were then
washed four times with saline. Afterwards
100 fxl of radioiodinated anti-human IgE
serum (Pharmacia, Sweden) was added to the
bacteria. After an incubation of 18h, the
bacterial suspension was again washed four
times. The remaining radioactivity was then
counted in a gammacounter (Berthold MAG
310). Tubes containing the same arnount of
bacteria but with the addition of saline instead
of serum during the first step were used as
controls. The radioactivity ofthe control tubes
was substracted before the analysis of the test
material.

For the interpretation of the results, we had
to take into account the non-specific binding of
IgE to the bacteria. Myeloma IgE and 20
control sera, negative for IgE antibodies to
bacteria, were assayed using the same solid
phase method. Fig. 1 shows the amount of
radioactivity bound. The amount of
radioactivity bound increased with higher IgE
levels. The control sera and the myeloma IgE
gave similar results.

The results of individual patient sera were
expressed as positive or negative for IgE
antibodies to Haemophilus influenzae or
Streptococcus pneumoniae. A serum was regarded
as positive when the amount of radioactivity
bound exceeded the mean plus two standard
deviations of the bound radioactivity for the
corresponding IgE value ofthe standard serum
pool of control sera. The square signs in Fig. 1
indicate positive sera. The same principle was
applied for the test with Streptococcus pneumoniae
or Haemophilus influenzae. The non-specific IgE
binding was higher for Haemophilus influenzae
than for Streptococcus pneumoniae.

Total serum IgE and radioallergosorbent
technique

Total serum IgE levels and specific IgE-
antibodies to 18 different allergens (house dust
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Table 1
Frequency of IgE antibodies to bacteria in patients with
bronchial asthma

Patients

Total group.
RAST 4-
RAST-

n

190
91
99

Haemophilus

influenzae

22
18
4

Steptococcus

pneunomiae

37
17
20

Total

55
33
22

Table 2
Frequency of history of acute bacterial exacerbations in
patients with bronchial asthma. Relation with the
presence of anti-bacterial IgE (Bact. -f-) or IgE to inhalant
allergens (RAST 4-).

BACT 4-: 76%
BACT-: 67%

RAST4-:62%
RAST 4-: 83%

N.S.

P<0.05

mite, grass pollen, birch pollen, beech pollen,
oak pollen, marguerite pollen, mug wort
pollen, dandelion pollen, cat dander, dog
dander, horse dander, egg white, milk, cod-
fish, Penicillium notatum, Cladosporium herbarum,
Aspergillus fumigatus, Alternaria tenuis) were
measured using the methods previously
described (11).

RESULTS

Using the above technique, we demonstrated
the presence of IgE antibodies to one or both
bacteria in 55 of the 190 patients with
bronchial asthma. The frequency of IgE
antibodies to the specific bacteria was
different. Nine percent ofthe patients had IgE
antibodies to Haemophilus alone,- 17% had
only specific IgE antibodies to Streptococcus
pneumoniae and four patients had demonstrable
IgE to both species.

When we divided the patients with
bronchial asthma in two groups, one group
with demonstrable IgE antibodies to inhalant
allergens, the so-called extrinsic asthmatics,
and a second group with no IgE antibodies to
inhalant allergens, the so-called intrinsic
asthmatics, we found IgE antibodies to
bacteria in both groups. The frequency of anti-
bacterial IgE was significantly higher in the
extrinsic asthma group (Table 1). As may be
expected, the total serum IgE level was
increased in patients with IgE antibodies to
one or more inhalant allergens. The presence
or absence of antibacterial IgE had no
significant influence on the total serum IgE
level.

In the history of the patients with IgE

antibodies to bacteria a higher frequency of
acute exacerbations of their asthma, associated
with purulent sputum, was observed (Table 2).
The difference with the patients without
bacteria specific IgE was not significant.
Patients with IgE antibodies to inhalant
allergens had a significantly lower frequency of
bacterial exacerbations than the so-called
intrinsic asthma group.

DISCUSSION

Several decades ago, bacterial allergy and,
more specifically, an immediate type
hypersensitivity to bacteria was regarded as an
important mechanism in the acute infectious
exacerbations of bronchial asthma (3). This
concept has lost most of its adepts due to the
lack of specificity of the antigens both for skin
tests and bronchial challenge (5) and to the
ineffectiveness of the bacterial vaccines (8).
The increased bronchoconstriction frequently
observed in asthmatic patients in association
with a bacterial infection (9) was explained by
the activity of non-specific bacterial products,
such as endotoxin, enzymes and the histamine
sensitizing factor on hyperreactive airways
(15).

Our results show that IgE antibodies to
Haemophilus influenzae and/or Streptococcus
pneumoniae are present in the serum of patients
with bronchial asthma. Both extrinsic and
intrinsic asthmatics had bacteria specific IgE.
Twenty-nine percent of the investigated sera
had such antibodies. The IgE antibodies
specific for Streptococcus pneumoniae were the
most frequent. This observation contrasts with
the higher frequency of Haemophilus influenzae
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compared to Streptococcus pneumoniae as cause of
respiratory infection in obstructive lung disease
(9). This discrepancy can possibly be
explained by different immunogenic properties
of the two bacterial species.

Recently three other papers (13, 16, 17)
described IgE antibodies to bacteria. Schopfer
et al. (13) demonstrated IgE antibodies to
Staphylococcus aureus in patients with hyper-
immunoglobulinemia E, chronic generalized
eczema and severe recurrent staphylococcal
infections. They observed some non-specific
IgE binding in control patients with high IgE
levels. Walsh et al. (17) found anti-
staphylococcal IgE in atopic patients with
chronic dermatitis with or without recurrent
staphylococcal abscesses. The non-specific IgE
binding by the bacteria was not taken into
account.

Tee (16) used a solid phase radio-
immunoassay, different from the technique we
used. Whole bacteria were first coupled to CN
Br activated sepharose 4B. IgE antibodies to
bacteria were demonstrable in patients with
bronchial asthma. The frequency of these IgE
antibodies to Staphylococcus aureus, Streptococcus
pneumoniae or Haemophilus influenzae is not
mentioned in the abstract.

The significance of the IgE antibodies to
bacteria remains to be elucidated.

Microorganisms may play the role of an
allergen and cause an immediate type
hypersensitivity leading to an increased
bronchoconstriction. In our study, the
presence of IgE antibodies to bacteria was not
significantly associated with an increased
frequency of bacterial exacerbations. Kay et
al. (7) measured an increased amount of IgE
and eosinophils in the sputum of chronic
bronchitics and skin test-negative asthma
patients and suggested that an immediate type
hypersensitivity may be involved in the
pathogenesis. During acute infectious
exacerbations in both extrinsic and intrinsic
asthmatics, the sputum contains high amounts
of histamine (2). IgE antibodies to
Staphylococcus aureus have been thought to be
related to the occurrence of recurrent

staphylococcal infections in patients with
hyperimmunoglobulinemia E by their
interference with the neutrophilic function
(13). A similar mechanism in the recurrence of
bacterial infections of the airways can not be
excluded.

Viral infections often precede bacterial
infections of the bronchi. Recently, the role of
viral infections in the induction of immediate
type hypersensitivity in children has been
demonstrated (4). Viral infections may thus
play a role, not only as precipitant of bronchial
obstruction, but also as adjuvant for the
induction of bacteria-specific IgE.

IgE, including myeloma IgE, binds non-
specifically to the surface of Haemophilus
influenzae and Streptococcus pneumoniae. Besides
the importance of these findings for the
interpretation of the radioimmunoassay
results, it can not be excluded that the non-
specific adsorption of IgE to bacteria may be
relevant. The non-specific binding of bacteria
to mastcell-bound IgE may induce mediator
release. Concanavallin A has been shown to
release mediators from mast cells by non-
specific bridging of IgE molecules on the
surface of the cells (14). A comparable
interaction of polyclonal human IgE with
protein A from Staphylococcus aureus was
recently described (6).

The demonstration of IgE antibodies to
bacteria in patients with bronchial asthma,
both in the extrinsic and intrinsic asthma
group, opens new perspectives for the study of
the role of infectious agents in asthma. The
non-specific interaction between IgE and
bacteria may also be involved.

REFERENCES

1. American Thoracic Society Committee on Diagnostic
Standards for Nontuberculous Diseases: Definitions
and classification of chronic bronchitis, asthma and
pulmonary emphysema. Am. Rev. Respir. Dis. 85,
762-769, 1962.



IGE ANTIBODIES TO BACTERIA IN PATIENTS WITH BRONCHIAL ASTHMA 669

2. Bryant, D. H.: Concentration of histamine in the
sputum of patients with asthma or chronic bronchitis.
In Pepys J. & Edwards, A. M. (eds): The mast cell. Its
role in health and disease pp. 309-314. Pittman
Medical, London, 1979.

3. Cooke, R. A.: Infective asthma: indication of its
allergic nature. Am J. Med. Sci. 182, 309-317, 1932.

4. Frick, O. L., German, D. F. & Mills, J.: Development
of allergy in children. I. Association with virus
infections. J. Allergy Clin. Immunol. 63, 228-241,
1979.

5. Hampton, S. F., Johnson, M. C, Galatakos, E.:
Studies of bacterial hypersensitivity in asthma. I. The
preparation of antigens of Neisseri catarrhalis, the
induction of asthma by aerosols, the performance of
skin and passive transfer tests. J. Allergy 34, 63-68,
1963.

6. Johansson, S. G. O. & Iganas, M.: Interaction of
polyclonal human IgE with protein-A from
Staphylococcus aureus. Immunol. Rev. 41, 248-260,
1978.

7. Kay, A. B., Jones, D. G., TurnbuU, L. W., TumbuU,
L. S. & Diaz, P.: The mast cell and chronic
bronchitis. In Pepys, J. & Edwards, A. M. (eds.): The
mast cell. Its role in health and disease, pp. 236-248.
Pittman Medical, London, 1979.

8. Lockey, H. F. & Bukantz, S. C : Diagnostic tests and
hyposensitization therapy in asthma: In Weiss, E. B.
& Segal, M. S. (eds): Bronchial asthma, pp. 613-638.
Little Brown Co., Boston, 1976.

9. May, J. R.: Chemotherapy of chronic bronchitis and
allied disorders. 2nd. ed. English University Press,
London, 1972.

10. Minor, T. E., Dick, E. C , Baker, J. W., Ouelette,
J.J., Cohen, M. & Reed, C. E.: Rhinovirus and
influenza type A infections as precipitants of asthma.
Am. Rev. Respir. Dis. 113, 149-153, 1976.

11. Pauwels, R. & Van Der Straeten, M.: Total serum IgE
levels in normals and patients with chronic non-
specific lung diseases. Allergy 33, 254-260, 1978.

12. Pepys, J : Allergy. In Dick, G. (ed): Immunological

aspects of infectious diseases, pp. 215-268. MTP Press,
Ltd., 1979.

13. Schopfer, K., Baerlocher, K., Price, P., Kreh, U.,
Quie, P. G. & Douglas, S. D.: Staphylococcal IgE
antibodies, hyperimmunoglobulinemia E and
Staphylococcus aureus infections. New Engl. J. Med.
300, 835-838, 1979.

14. Sullivan, T. J., Green, W. C. & Parker, C. W.
Concanavallin A-induced histamine release from
normal mast cells. J. Immunol. 115, 278-282, 1975.

15. Szentivanyi, A. & Fishel, C. W.: Effects of bacterial
products on responses to the allergic mediators. In
Samter, M. & Alexander, H. L. (eds.):
Immunological diseases, pp. 226-241. Little Brown
and Co., Boston, 1965.

16. Tee, R. D.: Measurements of specific serum
antibodies to bacterial antigens in respiratory diseases.
Abstract volume. International Congress of
Allergology and Clinical Immunology. Jerusalem, p.
324, 1979.

17. Walsh, G., Douglas, S., Dahl, M. & Blumenthal, M.
H.: Anti-IgE for Staphylococcus aureus. Abstract No.
15, American Academy of Allergy, 36th Annual
Meeting, Atlanta, 1980.

18. Zwan, J. C , van der Orie, N. G. M. & Vries, K. de:
Biphasic reaction after inhalation of Haemophilus
influenzae in patients with chronic non specific lung
disease. Clin. Allergy 5, 225-232, 1975.

Address:

Romain Pauwels,

Department of Chest Diseases
State University
Academic Hospital
De Pintelaan 135
B9000 - Ghent
Belgium




